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ABSTRACT 

Rations containing different levels of Tower rapeseed 
meal (RSM), with or without added lipotropic factors, were 
fed to Shaver Starcross 288 laying hens to study the effects 
On productive performance, liver composition and the inci- 
dence of haemorrhagic liver syndrome (HLS). A study was 
also conducted to determine the effect that feeding low- 
carbohydrate diets might have on liver composition and fat 
reserves of hens at the end of their first laying year. A 
further experiment was conducted to determine whether the 
effects noted with low-carbohydrate rations were related to 
restricted caloric intake. The composition of the livers 
was also determined. 

The inclusion of 5, 10 or 15 percent Tower RSM in a 
laying ration had no detrimental effects on rate of egg 
production nor was there a significant effect on level of 
mortality or incidence of HLS in laying hens. Birds fed 
Tower RSM had significantly lower egg weights than those of 
hens fed the control rations but the differences were small. 
Supplementation with lipotropic factors resulted in signi- 
ficantly higher Haugh unit values than were obtained in the 
unsupplemented groups. Neither the addition of Tower RSM 
nor the use of lipotropic factors had any effect on the 
visual fat score or on moisture, fat or protein content of 
the livers. Assessing the fat content of the livers by 
using a visual score was found to account for a significant 


amount of the variation of the actual liver fat content. 
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The use of low-carbohydrate rations resulted in re- 
duction in rate of egg production. Since only the group 
fed an egg ration consumed enough to meet their energy 
needs, the decrease in production in the other groups 
appeared to be related to the level of feed restriction 
that occurred. When the egg ration was fed there was no 
change in body weight or liver composition but when the 
Other low carbohydrate rations were fed there was a decrease 
in body weight and liver fat content and an increase in liver 
protein. THiS Suggests that a low-carbohydrate diet per se 
does not cause weight loss unless accompanied by restriction 
of caloric intake. 

Feed restriction imposed by limiting daily feed allow- 
ances failed to show as severe effects as were noted in the 
previous experiment in which low-carbohydrate rations were 
fed. nee eee eA body weight or production rate were ob- 
served. As feed restriction was increased a trend toward 


lower liver fat levels was observed. 
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INTRODUCTION 

A disorder known as haemorrhagic liver syndrome (HLS) 
has caused heavy losses in many flocks of laying chickens. 
As the name implies, the disorder is characterized by the 
occurrence of haemorrhages in the livers of affected birds. 
Since the disorder may appear sporadically and causes heavy 
losses in severe outbreaks, information that may lead to 
better control and understanding of the condition would 
be of great interest to the poultry industry. 

HLS is a very complex disorder. When the condition, 
or one very Similar to it, was first described, it was 
called fatty liver syndrome (FLS). It was later called 
fatty liver haemorrhagic syndrome and haemorrhagic fatty 
liver. The different mames*that have been used suggest that 
there may be some variability in symptoms of the disorder. 
When the livers of affected birds are examined they are 
usually pale yellow in color and friable and appear to con- 
tain a high level of fat. However, haemorrhages may also 
occur in livers of low fat content. 

Mortality from HLS is caused by a massive haemorrhage 
which results in rupture of the Glisson's capsule of the 
liver and allows the blood to pour out into the body cavity. 
When the livers of other birds in affected flocks are 
examined, there is evidence that non-fatal haemorrhages 
have occurred. Haematomas may be seen on one or both lobes 
of the liver and may vary greatly in size. Some are only 


pin-point in size while others may be very large. 
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Several factors that may influence the occurrence of 
HLS have been suggested. These have included excessive 
energy consumption, deficiencies of lipotropic factors, 
strain of chicken, and the environment in which the birds 
are kept. Recently, it has been shown that inclusion of 
high levels of a high-glucosinolate rapeseed meal in laying 
rations may increase the incidence of the disorder but the 
level of fat in the livers was not affected by the level 
of rapeseed meal fed. -No studies on the influence of meals 
derived from the new low-glucosinolate varieties of rapeseed 
have been reported. 

Since a number of factors may be involved in the occur- 
rence of HLS and since the use of rapeseed meal in laying 
rations has been implicated in the appearance of the syn- 
drome, it seemed desirable to study the disorder in greater 
detail. Consequently, experiments were undertaken to study 
the effects of various levels of Tower rapeseed meal and 
the addition of lipotropic factors on the occurrence of 
HLS, and the levels or, fat in the divers. of laying hens. 
Other trials were conducted to assess the influence of 
feeding low-carbohydrate diets or restricting feed intake 


on the composition of livers of laying hens. 
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LITERATURE REVIEW 
A. Haemorrhagic liver syndrome 
i. Symptoms 

Haemorrhagic liver syndrome in laying hens, or a con- 
dition very similar to it, was first reported by Couch (1956) 
who called it "fatty liver syndrome". The disorder was 
characterized by increased mortality caused by massive hae- 
morrhages in livers containing high levels of fat. 

The external symptoms seen in flocks in which FLS 
occurred tended to be general in nature. Flocks suffering 
from the condition often had body weights greater than would 
normally be anticipated for their age and stage of produc- 
tion , sometimes being as much as 25-30 percent heavier 
(Couch, 1956; Reedy, 1968, cited by Couch, 1968). Reedy 
(cited by Couch, 1968) found that the combs of affected hens 
sometimes exhibited a scaliness or light dandruff and were 
pale and cool to the touch. Although healthy in appearance, 
birds in affected flocks usually showed a decrease in rate 
of egg production. As long as the hen continued to lay at 
a high rate, mortality from FLS was low (Couch, 1956). In 
affected flocks, minor disturbances such as weighing the 
birds sometimes were sufficient to trigger death. Incidence 
of the disorder tended to be higher during the warmer months. 

The internal symptoms seen on post-mortem examinations 
included fatty livers and excessive deposits of abdominal 
fat, with both the intestinal mesentery and kidneys heavily 


coated with fat. The livers were usually greatly enlarged, 
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light yellowish-brown in color and had a friable consistency. 
Haemorrhages and haematomas, both recent and old, were 
usually present. Some were large and others small and were 
found on either one or both lobes of the liver. Some of 
the larger haematomas contributed to the unnaturally large 
size of the liver (Couch, 1956; Wolford ee vale, GEO 71). 
Microscopic sections of affected livers revealed fat infil- 
tration of the parenchyma cells of the liver (Ringer and 
Sheppard, 1963; Reedy, 1968; cited by Couch, 1968). Blum 
et al. (1973) attributed the cause of death to a massive 
haemorrhage following the rupture of the Glisson's capsule 
of the liver. It was suggested that the friable nature of 
affected livers made them very fragile and susceptible to 
injury from the least stress or pressure. 

Birds with FLS usually showed high levels of fat in the 
liver. Lipid levels ranging from 46 to 83 percent of the 
liver on a dry matter basis have been reported (Couch, 1956; 
Nesheim et al., 1969). Tudor (1967) suggested that mortality 
was due largely to circulatory stress catalyzed by excessive 
fat accumulation. A study carried out by Wolford and Murphy 
(1972) showed that livers having less than 4 grams of 
lipid per liver or weighing less than 30 grams wet weight 
did not develop haemorrhages. This did not imply that lipid 
level and liver size as such were the causes of haemorrhaging 
since not all of the hens with liver lipid values and weights 


greater than those specified developed haemorrhages. 
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The occurrence of FLS does not follow any consistent 
pattern. In some instances FLS has occurred more frequently 
in caged layers than in hens originating from the same 
population kept in floor pens; in other instances, flocks 
originating from the same hatch and using identical feeding 
and management techniques showed varying levels of the 
disorder (Reedy, 1968; cited by Couch, 1968). In general, 
it has been observed that heavier hens tended to be more 
prone to develop the disorder (Barton et al., 1966; Blum 
Gritaiyy L913). 

The interrelationships between liver fat content and 
incidence of FLS arejnot well defined...) Thayer. et,.al...(1973),, 
monitored the composition of liver lipids from laying hens 
and concluded that an elevated level of triglycerides (TG) 
was responsible for the increase in total lipid concentra- 
tion of the liver. During the first 4 weeks of lay there 
was a drastic decrease in the palmitate and stearate fatty 
acid concentrations accompanied by an equally dramatic rise 
in oleate and linoleate fatty acid levels in the liver. The 
phospholipid content had no significant effect on the increase 
in total lipid concentration. Percentages of cholesterol 
and cholesteryl ester in the dry liver shifted very little 
relative to age or lipid concentration. The total lipid 
concentratiog,;in the lines Appeaxed to reach a peak when 
the hens were 48 weeks old. There was a distinct difference 
in the percentage increase of TG concentration in the liver 


between hens with livers having a total lipid concentration 
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above or below 25 percent. In hens with a total lipid 
concentration that exceeded 25 percent in the liver, the 
percentage TG concentration showed a much greater increase 
than those with lower lipid concentration. It was suggested 
that alterations in fatty acid biosynthesis were the major 
sources of increased lipid levels in fatty livers. No corr- 
elation was found between egg production rate and liver fat 
level; thus, high levels of liver fat were not indicative 

of reduced production in a flock. Hens from apparently 
healthy flocks showed a very wide range of liver fat content 
but there was no evidence that hens possessing high levels 
of liver fat were unhealthy. Nevertheless, it appeared that 
some of the hens with high levels of liver fat were more 
susceptible to death from liver haemorrhage. 

There is a natural increase in the formation of fat in 
the liver during the laying period so that it is difficult 
to recognize the stage at which the fat level in body 
tissues is extreme and causing complications. For this 
reason it has been suggested that the name FLS may be inac- 
curate. Nesheim and Ivy (1970) suggested that a more des- 
criptive term for the condition might be "liver haemorrhage 
syndrome". The term "fatty liver-haemorrhagic syndrome" was 
suggested by Wolford and Polin (1972) as being a more 
inclusive term to describe the condition. Blum et al. (1973) 
first used the term "haemorrhagic liver syndrome" (HLS) 
and this term was used by Olomu et al. (1975) and Serrano 


(1976) as being the most appropriate for the condition involved. 
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ii. Factors affecting the incidence of HLS 

The occurrence of HLS may be affected by numerous 
factors. These include nutrition of the flock, environ- 
mental conditions and genetic variations. 

Many nutritional factors have been implicated in the 
occurrence of HLS. Of these, the effects of rapeseed meal 
(RSM) on the incidence of the disorder have recently re- 
ceived considerable attention. Hall (1972) reported that 
inclusion of RSM in the diet could result in the development 
of HLS and suggested that the condition was caused by toxic 
factors in the meal. It was postulated that the factors 
caused selective ante-mortem lysis of the reticular substance 
which eventually lessened the structural strength of the 
hepatic tissue without interfering with its vital functions. 
It was also suggested that even a transitory rise in blood 
pressure such as occurs when the hen prepares to lay an egg 
could result in a fatal haemorrhage. Sell et al.. (1968) 
could not find a specific cause for increased mortality 
from feeding dietary RSM but noted that the rate of mortal- 
ity was markedly increased if 10 percent or more RSM was 
included in the ration fed. Although feed consumption and 
feed conversion efficiency (FCE) were not significantly 
affected, there was a marked depression in egg size. 
Cardanivetval. (1968) found no significant differences in 
hen-day egg production but observed that mortality rose 
steadily when levels of RSM were raised above four percent 


of the diet, reaching 52 percent mortality when a level of 
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16 percent RSM was used. Hypertrophy of the thyroid also 
became more pronounced at the higher level of RSM inclusion. 
The use of RSM in layer rations has been restricted 
because inclusion of high levels of meal in the rations fed 
has resulted in increased mortality and decreased productive 
performance. As a consequence, the maximum level of RSM 

recommended for laying rations has been five percent 
(Clandinin’et ak. Peri976):. 

The adverse effects of RSM on egg production may be 
related to the glucosinolate content of the meal or the 
derivatives of same. When the seed cells are crushed in 
the presence of adequate moisture the enzyme myrosinase 
hydrolyzes the gmidostnopates releasing isothiocyanates, 
thiocyanates and nitriles in varying proportions (McGregor 
and Downey, 1975). Smith and Campbell (1976) speculated 
that the nitrile nyacenyali d products of progoitrin, the 
mayor ¢g lucOsinolaté ofthe Napus' varieties (of "RSM,'*infPuenced 
the formation of the liver connective tissue matrix. The 
severe reticulolysis induced the occurrence of liver hae- 
morrhage. Nitrile compounds were present tin all areas of 
the digestive tract of the hens after ingestion of RSM and 
egg production was drastically depressed when 50 percent 
of a high-glucosinolate RSM was included in the ration. The 
depression in egg production was significantly less when an 
equal level of low-glucosinolate RSM was fed. March et al. 
(1975), in studies on the use of RSM observed that most 


mortality from liver haemorrhage occurred in birds which had 
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been fed rations containing RSM during the growing period 
and the laying period as well. 

In 1974 a new rapeseed cultivar called Tower was 
licenced for commercial production in Canada. This variety 
of rapeseed was developed at the University of Manitoba 
and featured a low-glucosinolate content as well as a low 
level of erucic acid in the oil. The new variety contained 
approximately 10 percent as much glucosinolate as varieties 
grown in Canada to that time (Stefansson and Kondra, 1975). 
Initial experiments on the use of the meal derived from the 
new variety suggested that a level of at least 10 percent of 
the meal may be incorporated in chicken laying rations 
without dd¥eree (effects on mortality, egg production or 
feedeefficiency (Clandinin et, al., 1976). 

FLS was first noticed shortly after the energy-protein 
ratio had been increased in layer rations (Couch, 1956); 
however, changes in the energy or protein levels of the 
diet appeared to have little or no effect on liver fat 
content. Increasing the energy content of the diet while 
holding the protein content constant caused an increase in 
cholesterol levels but when the energy was held constant 
and the protein was increased by one percent the serum 
cholesterol level was reduced. Apparently, fairly wide 
calorie-protein ratios in the diet were tolerated by 
laying hens with no detrimental effects on their egg pro- 
duction (Miller *etval., 1957; Price etial.7.1957)< 


Although the ability of individual birds to adjust to 
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changes in calorie-protein ratio varied, there did not 
appear to be any correlation between the ratio and liver 
fat content (Hochreich et al., 1957; Quisenberry et al., 
1967; Griffith et al., 1969; Ivy and Nesheim, 1973). 

The apparent derangement of fat metabolism in hens 
suffering from HLS indicated that there might be a deficiency 
of specific nutrients in the diet. Welch and Couch (1955) 
suggested that methionine or methylating agents might be in 
short supply in the high-energy laying rations, thus affecting 
the efficiency of energy metabolism. It was then suggested 
(Couch, 1956) that compounds involved in the transmethyl- 
ation reactions in metabolism might influence the accumula- 
tion of fat in the livers of laying hens. On this basis, 

a premix designed to help reduce the liver lipid content 
consisting of choline, vitamin B,2 and vitamin E was 

devised for addition to laying rations. This combination 

of vitamins was referred to as an FLS premix or a lipotropic 
premix. In initial studies the premix seemed to be bene- 
ficial but later trials failed to show favourable responses 
(Wolford and Murphy, 1972; Jensen et al., 1974). 

Because of the importance of choline in transmethyl- 
ation, several studies to assess the effects of choline 
supplementation on production, mortality and levels of fat 
in the livers of laying hens were conducted. Nesheim et al. 
(1967) studied the effect of dietary choline during the 


growing period on requirements during the laying period. 
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It was observed that choline supplementation of purified 
diets during the latter part of the growing period gave 
rise to lower egg production and increased incidence of 
fatty livers if the birds were placed on a choline-free 
diet during the laying period. Thus, it appeared that the 
response to choline supplementation during the laying 
period was affected by the choline nutrition during the 
growing period of the pullets. Previously, Lucas et al. 
(1946) and Ringrose and Davis (1946) had found that hens 
fed an almost choline-free diet exhibited only marginal 
reductions in egg production and hatchability compared to 
hens fed a diet containing added choline. More recent 
studies have also indicated that choline supplementation 
of laying rations was not beneficial (Nesheim etuals, 
1971;,Chah etyal., 1975)-4 jNorvellvand Nesheim,. (1969 )..con- 
cluded that hens possessed a metabolic mechanism for 
choline synthesis sufficient to meet their requirements. 
Continuous feeding of between 940 aaa 1800 milligrams of 
supplemental choline per kilogram of practical corn-soybean 
diets gave no significant differences in egg production, 
hatchability, mortality or liver fat content (Bossard and 
Combs, 1970). Other workers (Griffith et al., 1969), 
however, found that liver fat levels were reduced when 
laying rations were supplemented with choline and their 
findings were supported by Couch and Grossie (1970) and 


Schexnailder and Griffith (1973). 
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In addition to choline, vitamin E and vitamin B92, 
inositol was also shown to influence liver fat deposition 
(Couch, 1968; Parker, 1968; cited by Couch, 1968; Bull, 
1968; cited by Couch, 1968; Reed, 1968; cited by Couch, 
1968). When inositol was included in laying rations at a 
level of 2 pounds per ton of feed (Couch, 1968) along 
with the FLS premix containing choline, vitamin E, vitamin 
Bij2 and oxytetracycline, the fat content of the livers was 
effectively decreased. In addition, comb pigmentation of 
the hens was improved and egg production returned to normal 
once the liver fat content was reduced. It was also obser- 
ved that there was less variation in the fat content of the 
livers of laying hens when inositol was included (Reed, 
1968; cited’ by Couch, 1968). Jensen et ‘al. (1970) found 
that a combination of choline chloride, inositol, vitamin 
B,2 and vitamin E significantly reduced liver weight, liver 
fat and total liver fat accumulation in hens fed a corn- 
soybean meal (SBM) ration but not in those fed a wheat-pea 
diet. 

Observations on the effects of inositol on liver fat 
levels have not been consistent. Some studies have shown 
that the addition of inositol to layer diets had no signi- 
ficant effects on levels of liver fat (Bossard and Combs, 
1970; Nesheim and Ivy, 1970), percent total serum lipids 
(Ragland et al., 1970; Pearce, 1972) and body and liver 
weights (Leveille and Bray, 1970). The discrepancies noted 


suggested that inositol was not universally effective in 
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reducing the level of liver fat in laying hens. 

More recently, there has been a growing interest in 
the possibility of using biotin as a lipotropic agent in 
laying rations because of its effectiveness in preventing 
a fatty liver disorder of broilers known as fatty liver 
and kidney syndrome (Blair and Whitehead, 1974; Payne et al., 
1974; Whitehead et al., 1974a). Experiments that have been 
reported, however, have failed to show that biotin is 
effective in preventing increases in liver fat (Schexnailder 
and Griffith, 1973; Chah et al.,, 1975; Jensen et al., 19,76) 
or the occurrence of HLS in laying hens (Serrano, 1976). 
The recommended level of biotin in layer rations is 0.15 mg 
per kilogram of diet (NAS-NRC, 1971) but administration of 
a 25-fold excess of biotin to laying hens had no adverse 
effect on liver weight or liver lipid content (Balnave, 1975). 

The incidence of HLS may be influenced by the feedstuffs 
used in laying rations. In isocaloric diets the total liver 
fat was greatest in hens fed grain sorghum, corn or triticale 
and lowest in those fed barley, oats or rye (Jensen et al., 
1976b) . There were no differences in liver fat content 
between groups fed wheat diets and those containing corn 
oil or animal tallow in isocaloric diets. The dry matter 
and fat content of livers weregreater in hens fed corn diets 
than in hens fed isocaloric wheat-based diets (Jensen et al., 
1976b). Liver weight was found to be directly related to 


liver fat content (Kim et al., 1976). 
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Inclusion of :high. levels of fat in laying rations has 
been shown to cause an apparent derangement of lipid metab- 
Olism and increased liver fat content (Naber, 1968; cited 
by Couch, 1968). Changes such as elevated plasma choles- 
terol (Weiss and Fisher, 1957; Frank and Waible, 1960) 
and total plasma lipid (Weiss and Fisher, 1957), excess 
deposits of body fat, as well as friable and fatty livers 
have been reported when large amounts of animal fat or 
vegetable oil were included in hen diets (Weiss and Fisher, 
1957; Donaldson and Gordon, 1960; Frank and Waible, 1960). 
Rapeseed oil added to a ration at a level of eight percent 
caused fatty livers but soybean oil and sunflower oil at 
the same level protected against accumulation of liver fat 
ipraggrvet.e1% ,)1973)% 

Liver fat accumulation may be affected by the level 
disenergy in) thet ration fed.;) Bartonjetyal,..(1966)..observed. that 
hens fed low-energy diets had lower liver fat levels than 
those fed a control ration of higher energy content. Only 
the low-energy diets (2360 kilocalories metabolizable energy 
per kg) prevented FLS from developing. When the hens fed 
the low-energy ration were placed on the control ration, 
liver fat levels soon increased to the same level as those 
fed only the control ration. 

Hardness of the water used by hens may also affect 
the: Gncidence,iof HLS, (Jensen, et -al..|\19/6a) 9 Flocks, from 
areas with water supplies containing higher levels of 


minerals had a higher incidence of HLS. 
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Environmental factors have been implicated in the 
occurrence of HLS. In commercial laying flocks, liver fat 
values were found to be higher among caged birds than 
among similar birds kept in floor pens and fed the same 
diet (McDaniel SUras., @29/; Barton eC ale, 1200). ‘the 
observation that hens in cages gained more weight than those 
in floor pens suggested that a deficiency in the caged layer 
diet may have existed or that the restricted movement of 
hens in cages affected fat deposition in the birds (Price 
etval., 1957). “Garlven et al. (1975) “found highly ‘signifi- 
cant differences in liver lipid levels attributable to 
system of housing and strain of layers. Couch (1956) obser- 
ved that higher temperatures appeared to result in stress 
and increased liver lipid content of laying birds. A 
Similar effect of temperature on liver lipid levels was 
observed by Griffith et al. (1969) and Schexnailder and 
Griffith (1973). It has also been reported that mortality 
rates were higher during the warmer months of summer 
(Couch, 1956; Nesheim’et al., 1969; Blum et al-, 97S}: 

Genetic variations within strains as well as between 
strains seem to influence lipid biosynthesis, transport, 
energy intake and even the degree of liver haemorrhage. 

The greatest differences in liver fat content occurred 
between strains (Nelson and Carlson, 1976). Some strains 
consistently had high liver lipid values and others had low 
liver lipid values regardless of the method of housing or 


feeding that was employed. There was also a wide range in 
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liver fat values for individual hens within each strain and 
feeding regimen. Nesheim and Ivy (1970) reported that of 
39 hens that died from HLS, 11 were granddaughters of one 
sire and six were from another. Older hens also seemed 
more prone to HLS but it was unclear whether it was related 
to the stage of egg production or the natural increase in 
formation of fat during the laying period (May and Stadelman, 
L960)... 
B. Methods for estimating levels of liver fat 

In order to try to avoid chemical determination of 
liver lipid levels various methods of scoring have been 
attempted. Jensen et al. (1970) reported that visually 
scoring livers a fat accumulation was inadequate as a 
means of detecting treatment differences. Cunningham and 
Morrison (1976) observed, however, that liver color was a 
good estimator of liver fat content (r = 0.81) but liver 
firmness did not estimate liver fat content with much 
accuracy (r = 0.39). They stated that “neither liver color 
nor liver firmness was a good predictor of carcass lipid 
content even though almost all the de novo fatty acid syn- 
thesis takes place in the liver of the chicken." Plasma 
protein levels were not helpful in detecting a developing 
fatty liver condition (Duke et al., 1968). It was only 
after a fatty liver condition had developed that changes 
in plasma protein levels occurred. 
C. Fatty liver and kidney syndrome (FLKS) in broiler chicks 


FLKS is a disease of unknown aetiology which features 
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an increase in the amount of fat deposited in the liver, 
kidney and myocardium of young chickens. Peak mortality 
usually occurs between the 18th and 24th day of age (Hemsley, 
1965; Blair et al., 1969). The disease was first described 
by Marthedal and Velling in 1958 (cited by Hemsley, 1965). 

As in HLS of laying hens, chicks suffering from FLKS had 
greatly increased levels of TG in the lipid content of 

their liver and kidneys (Evans et al., 1975). Hepatic 
lipogenesis was reduced but the mitochondrial functions were 
impaired. Livers were pale and swollen, and haemorrhages 
were sometimes present. Plasma-free fatty acid concen- 
trations were invariably elevated and likely were a major 
factor contributing to the development of fatty deposition, 
especially in the extrahepatic tissues of the chick (Hemsley, 
1965; Evans et al., 1975). It was observed that the major- 
ity of liver cells were packed with small fat droplets. 

Evans et al. (1975) suggested that the incidence of hyper- 
lipaemia was probably owing to a reduced rate of lipid 
clearance rather than an increased rate of lipoprotein 
synthesis. 

Although the exact cause of FLKS is not known many 
factors seem to influence the incidence of the disorder. 
There appears to be a relationship between the incidence 
of FLKS and environmental stress (Husbands and Laursen- 
Jones, 1969). Conditions such as weighing or disturbing 
the birds, increased housing temperatures or withdrawal 


of feed all seem to trigger an increase in mortality 
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(Payne, 1975; Blair and Whitehead, 1976). There also 
appears to be a positive correlation between the incidence 
of FLKS and protein content or energy-to-protein ratio of 
Hiesdiets (Blair “etalys , 1969; Whitehead and Blair, 
1974). Increased mortality was observed in diets with a 
high energy-protein ratio . A disorder of fat metabolism 
has been suggested (Blair et al., 1973) since diets.con- 
taining higher levels of essential fatty acids (EFA) showed 
a reduced level of mortality (Husbands and Laursen-Jones, 
1969), 

peveral workersi(Slaizy and) Whitehead, 19)/47) Payne et 
el to1 47) Payne; 1o7o7e Blair and.Whitehead, 1976) have 
shown that supplementing chicken broiler rations with 
biotin was an effective means of preventing the occurrence 
of FLKS. It was suggested that different levels of biotin 
(Blair and Whitehead, 1976) or fat (Blair et al., 1973) (in 
the grain sources for chick diets might also account for 
the varying incidence of FLKS. Pelleting the diets appeared 
to increase the incidence of FLKS suggesting that one or 
more nutrients present in borderline quantities such as 
biotin may have been destroyed or modified (Blair and 
Whitehead, 1974; Blair et.al., 1973). 

Since FLKS was not induced by feeding biotin-deficient 
rations it was concluded that FLKS was a biotin-responsive 
syndrome (Blair and Whitehead, 1974; Whitehead et al., 
1974). Bannister (1976) reported that: depletion 


of liver biotin is not the primary cause of FLKS because 


el 


ols SiSsar’ EGO bar 
spaeokoink, ert qasuisd: Obie 

to ete nistorg~ wie ee anes 

7 bede bas besd? ceive: 23 ar .« Js cae 

5 msiwierers wt eres eeaTe: vee 


merlodsaten 367 20 tehozthuk oo. oftet ease 


~1o} atold eonie (BVeL ids ‘stata 5 
! eh 


owote (Ata) ebs2os vitet Petbada > 79 alaviag. ou 
‘ " Mees ee 2 an 

anotl—-ns2 tus. Btls Sune aney Ss iaataater a0 bees 
ts served 3 POE err es 1/ marae 92 
” y2 f " Haz 3D: ; roi Date’, sites ;2y 8s ‘eens 


Hea 2tOL ES tefliond maxaida hahae 


a 
fi 
— 
ne 
_— 
i 


SophSatvunc ‘pA Lists van any tO, ans ovignebte Y 
tinoid 20 xlevel ab Sheed c) 5 ea dh Deaeaguna 2 
ak (Vel, de te S tebe) 182-310 ATURE hes 


¢ 


tO1 SHiVODSS oats OEY 243i. AOL ct > 10% ‘eaoHot 


six Sui patsatiea PMI 20 Joriond be bn 
16 SAd- J ats enitzoppue BME 26 sana, sale 


@5 nove cold Ltasup. sabi tebiod Gi saseste eo: 


re 


% 


bas ttate) bse +ibom t& bayous ast iiaod’ ow hi 


i 
2 Ps hi, 


 (BReE Le ae TiS LE ~ACEL 


IHSLOT ti “nBsobd ribost yd Ueuohint: $OG Bao ar obnte o 

ov Lenogget—tti sond & 26W 21g sects beby Fags | ot | 

‘ le 04 “Seated HUT j Seats ata bas ais 
iid bash diana mi tsar, Sar 


Uy 
ne = - 


Satish at, per’ so" stes ‘capt edt #0 ei 


2 iy) 
there was not a greater reduction of gluconeogenic activities 
of the liver in chicks fed a biotin-deficient diet than in 
those fed a FLKS-inducing diet. He concluded that "it is 
clear that FLKS is quite distinct from a biotin deficiency 
despite the fact that both respond to the vitamin." 


D. Effect of restricted carbohydrate supply on liver 
composition 


Performance of poultry may be affected by feeding 
rations of low carbohydrate content or by restricting feed 
intake. Allred and Roehrig (1970) reported that feeding 
“carbohydrate-free diets" to chickens decreased glycolytic 
and increased gluconeogenic enzyme activity which, in turn, 
increased the net production of glucose by the liver. 

The type of carbohydrate used may also affect its 
utilization by poultry (Renner, 1971). Hamilton and 
Mitchell (1924) showed that the chicken lacked the enzyme 
lactase to break down lactose to glucose and galactose and 
therefore lactose was not utilized. Ingestion of lactose 
seemed to increase water consumption and excretion in birds 
(Fox and Briggs, 1959). Ashcroft (1933) found that milk 
products decreased the pH of the contents of the large 
intestine of chickens. Diarrhea developed and the caecal 
horns were distended to 2 or 3 times their normal size. 
Lactose, the major milk sugar, was not the sole factor 
causing the diarrhea. The soluble salts in whey seemed to 


increase the tendency toward diarrhea (Fischer and Sutton, 


1949). 
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The use of diets of very high protein and fat content 
effectively restricts carbohydrate intake. Unrestricted 
intake of low-carbohydrate diets have been recommended as 
a means for humans to lose weight (Atkins, 1972). 

‘Rajaguru et al. (1966) found that the protein content of 

the carcass on a dry matter basis increased and the ether 
extractable components: decreased with an increase in 

dietary protein levels. Allred and Roehrig (1970) suggested 
that gluconeogenic processes deplete the available supply 

of amino acids provided by the diet. 

E. Effect of feed restriction on liver composition 

The possibility that incidence of HLS might be influ- 
enced by feed restriction programs has also been explored. 
Feed restriction significantly lowered both liver lipid 
percent and egg production (Couch, 1974). Withholding food 
altogether for a short period of time increased mortality 
(Payne, 1975). Enzymes involved with glucose-6-phosphate 
(G6P) metabolism displayed multi-behavioural activities 
during nutritional depletion and restoration periods 
(Weber et al., 1961). The enzymes do not all simultan- 
eously change with changes in level of feed intake. Avian 
hepatic carbohydrate-metabolizing enzymes behave in much 
the same way as those of mammals under feed restriction. 
Blood glucose levels in the chicken are almost double those 
of mammals yet fasting did not influence the total body 
glucose mass in the hens (Belo et al., 1976). They con- 


cluded that there must be a substantial recycling of glucose 


os 


$hQa0d5 sae bos inter fot F vf 
pevoradassay pied steabytod 


pl a i) * 
* 
Ls 


a pebqenion ot cee ‘ave pial 
. (SVRE (aaee) aaiee 

to Jastnos" ntesorg eas erty ‘owot (EL apts 

txite° St Das hosasxvsak abasd: teste al bh Poe he “a ¥ 

gt seaotonk a8) atiw Beasorse® au Aeon : ee 


hbsjasppue LOT 2£) pi xisen toe Thenbca. .efevel seven qed 
: 7 inet a “A a 


yisate Ra ae oot atetqab agaesvorg oi 


sath. eit} | yd Sob iveng atlas 9 sect og 

“ols leogmooy Rs ‘bul lata fou sits & eset Fo SISRTS 

~u Link “Sd defy tot Ade 30 spdebitat 3 tid Wwitidianed 2 + 
hbstolgks) ned oats te asks AY ig nptoatabpes: beak. we 
biqel wzevEl: dsod Badawi! of boas Z3taghp aots0i'e ‘ie eth 


boat paiblodnsiw : “(hte ibys) cere 


a oa 
ysiiss2on- bee st5a. P emed ° fete: 


ey 


923 ericaor Ho sas aRosily opftiw py govins ae: a es 
BaisivT tog | asyotyestatle ks tse BountaRhs if 
aboisieg notsgheaHex bis: apideiqeb- va 
‘<asiiomiz Sfs son. ‘Ob: sagen sat _(L8RES 
sive . sisane ‘best a wevel “hE. eopasds taiw 
own i svsied Remyerts, pris iLods4 ont-syesk | 
nobis biteds §sei\ashaw: siaget to saort), asi 
saodd oft —s Yeomls ets Be bist edt mt jain 
| xbod Endos edt so nouitas ion ee gotsnaad 
Hon yori ; (aver 1 tS 43. ofee) Safers 
aewte io wprikisyoos tsisnasedue: 5: od Cain a 


i con 


2a 


carbon in fasted chickens since glucose utilization in 
the chicken is rapid. 

Hepatic lipogenesis is greatly depressed in fasted 
hens possibly because there is an insufficient level of 
free CoA (Yeh and Leveille, 1971). There appeared to be 
some protection provided against the stress of fasting if 
the hens were on a high-fat, high-energy diet prior to 
fasting (Anonymous, 1976). Restricted feeding followed by 
a full feeding regimen did not increase the incidence of 
FLHS. Wolford and Polin (1972) found the incidence of FLHS 
among their restricted hens to be nil when they were put 
back on full feed while the control group of hens fed free 
choice throughout the experiment had a mortality rate of 
25 percent. 

In contrast to the effects of feed restriction, exces- 
Sive feed intake as a result of force-feeding appears to 
influence the occurrence of liver haemorrhages. Wolford 
and Polin (1974) noted that force-fed hens developed hepatic 
haemorrhages similar to those of FLHS. The haemorrhagic 
score and incidence of haemorrhages were directly related 
to the total daily feed intake. Carbohydrates and lipids 
were equally effective in inducing FLHS. Feeding various 
types of diets and sources of energy at levels that were 
150 percent that of birds fed ad libitum induced FLHS 
(Polin and Wolford, 1976). They concluded that a "positive 
energy balance" had been induced by force-feeding hens. 


These findings did not correspond to those of Ivy and Nesheim 
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(1973) who noted that, although force-feeding caused marked 
increases in liver size and fat content, no mortality from 


liver haemorrhages occurred. 
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EXPERIMENTS AT THE UNIVERSITY OF ALBERTA 


Experiments were conducted to study: 

Section I : The effects of Tower rapeseed meal and lipo- 
tropic factors on productive performance 
and occurrence of HLS in laying hens. 

Section II : -The effect of low-carbohydrate diets on the 
composition of livers of laying hens. 


Section III The effect of restricted feed intake on the 


oe 


composition of livers of laying hens. 
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SECTION I 

The effects of Tower rapeseed meal and lipotropic factors 
On productive performance and occurrence of HLS in laying 
hens. 
Status of the problem 

During the past few years several reports have indi- 
cated that the use of more than five percent rapeseed meal 
in layer rations resulted in higher levels of mortality 
and increased incidence of HLS. There was also an indi- 
cation that the deleterious effects noted were related to 
the high glucosinolate content of the meals. With the 
advent of the new low-glucosinolate varieties, it seemed 
desirable to determine whether the meals derived from the 
new varieties could be used at higher levels than those 
recommended with the older high-glucosinolate meals. 
Consequently an experiment was conducted to determine the 
effect of varying levels of Tower rapeseed meal (See 
Review of Literature, page 9) on productive performance 
and incidence of HLS in laying hens. Since the occurrence 
of HLS has often been associated with high levels of liver 
fat, treatments were included to determine whether addition 
of a number of lipotropic factors would have any effect on 


incidence of HLS or on the composition of the livers of 


laying birds. 
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Experimental 

Four hundred and eighty 42-week-old Shaver Starcross 
288 pullets were used in this experiment. A factorial 
design involving four levels of Tower RSM (0, 5, 10 and 
15%) fed either with or without added lipotropic factors 
was used to derive the data. The birds were kept in cages 
(2 birds per 30 x 40 cm cage), leg-banded and divided into 
16 comparable groups of 30 birds each. Two groups were 
placed on each of the eight ration treatments. 

The composition of the rations used is shown in Table 
1. The rations were designed to be isocaloric and isoni- 
trogenous. All rations contained 2695 kilocalories of 
metabolizable energy per kilogram of ration and 15.9 percent 
protein. Feed and water were supplied ad libitum. Size 
#3 insoluble grit was added to all rations at the one per- 
cent level. The experiment was terminated after 32 weeks 
on test. 

Records were kept on body weight, mortality, egg 
production, feed consumption, egg weight, Haugh unit values 
and egg specific gravity. The birds were weighed at the 
beginning and end of the experiment. Feed consumption was 
recorded for each 28-day period during the experiment. 

Egg size was determined by weighing all eggs laid by each 
group on one day each week. Haugh unit values and specific 
gravity were determined once a month on all eggs laid on 


a given day. 
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Artificial lighting was provided to give the birds 14 
hours of light per day. Mortality was recorded on a daily 
basis. Autopsies were performed at the Provincial Veter- 
inary Laboratory on all hens that died during the experi- 
ment. 

At the conclusion of the experiment 12 birds from each 
treatment were randomly selected, fasted for 18 hours and 
sacrificed by cervical dislocation. The livers were then 
examined and an estimate of their fat content was made by 
a visual appraisal. The visual grades, ranging from 1 to 
5, were the same as those used by Serrano (1976) in which 
scores of 1 and 2. represented livers containing 12-14 percent fat, 
a score of 3 pertained to livers containing approximately 
as epercent™fat?, and livers with>scores'of-4 and 5° usually 
contained 45 percent or more of fat on a dry matter basis. 

After visual scoring, the livers were removed, cleaned 
of adhering fat and excess blood, and weighed. They were 
then placed in individual plastic bags and frozen. The 
dry matter content of the livers was calculated by freeze- 
drying the livers for 72 hours to a constant weight. 
Freeze-dried livers were individually ground in an Oster 
blender and stored at -20°C until they were analyzed for 
protein and fat (Appendix I). 

The data were subjected to analysis of variance and 
significance of differences were evaluated by Duncan's 
Multiple Range Test (Steele and Torrie, 1960) at the 0.05 


level of probability. Details of the statistical analyses 
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are shown in Appendix II. An analysis of covariance test 
was also run to determine the correlation between visual 
fat score and the actual chemical analysis of fat (Appendix III). 
Results and Discussion 

A summary of the effects of different levels of Tower 
RSM and: @ipotropac Wactors in the rations fied fon the per- 
formance of laying hens is given in Table 2. 

The level of mortality was not significantly affected 
by level of RSM included in the rations or by the 
addition, Of lapotropdewfactors.. ‘HLS occurredyan only Bae 
treatment and incidence was low and probably not related 
to the level of RSM used. This differed from an 
experiment conducted using a high-glucosinolate rapeseed 
meal (Span) in which the incidence of HLS was significantly 
increased when RSM was included at levels of 10 and 15 percent 
(Serrano, 1976). The addition of lipotropic factors 
appeared to have a slightly beneficial effect on total 
mortality but the differences observed were not significantly 
di rerenc. 

Egg production, both on a hen-housed and hen-day basis 
was not affected by levels of Tower rapeseed meal (5, 10 
or 15%) included in the rations as compared to the control 
groups. This differed from the results of Serrano E770) 
in which inclusion of 10 or 15 percent high-glucosinolate 
RSM (Span) resulted in a Significant decrease in hen-housed 


production. 


The addition of lipotropic factors to the rations fed 
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in this experiment had no effect on level of egg production. 
Production rates in the unsupplemented and supplemented 
groups were very similar. 

Efficiency of feed conversion was not affected by the 
level of RSM used in the rations or by the addition of 
lipotropic factors. The lack of effect on feed conversion 
might be expected since the rations were isocaloric and 
egg production rate was unaffected. 

Eggs weights were significantly lower in groups fed 
RSM at all levels of inclusion as compared to the control 
group. There were, however, no differences in egg weight 
between the groups fed 5, 10 or 15 percent RSM. 

Statistical analyses indicated that the use of 5 or 
10 percent Tower RSM in laying rations resulted in impro- 
ved interior egg quality, measured by Haugh unit values, 
as compared to those receiving 15 percent RSM. There was, 
however, no difference between the control group and those 
receiving 15 percent RSM. There is no explanation for the 
higher Haugh unit values noted when 5 or 10 percent RSM 
was added to the ration. When the data were combined, the 
addition of lipotropic factors resulted in a significant 
increase in Haugh unit values. 

Specific gravity of the eggs produced was not affected 
by the treatments used. The values obtained were remarkably 
constant. 

There was no evidence of treatment effect on final body 


weight of the birds. Average weight gains during the 
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experimental period ranged from 10 to 150 grams. 

Table 3 shows the composition of the hen livers from 
each of the treatments used in the experiment. The livers 
Showed no visual differences in fat content at the various 
levels of RSM inclusion. The addition of lipotropic 
factors had a varying influence on visual scores but the 
differences noted were not significant. Fresh liver 
weights were not significantly different at any level of 
Tower RSM inclusion and supplementation with lipotropic 
factors had no consistent influence on the liver weights. 
This was reflected in the data expressing liver weight as 
grams per 100 grams of body weight in which no differences 
between treatments were observed. The values obtained 
indicated that liver weight was approximately two percent 
of body weight which is in close agreement with data from 
a previous report (Serrano, 1976). 

The dry matter, protein and fat content of the livers 
were Similar to the controls at all levels of Tower RSM 
inclusion and the addition of lipotropic factors had no 
consistent effect on these parameters. It also appeared 
that addition of lipotropic factors had no effect on liver 
composition. 

The analysis of covariance showing the relationship 
between visual fat scores and chemical fat determinations 
of the livers gave an r value of 0.58 (Appendix III). 


A value of this magnitude indicates that visual fat scores 


account for a significant amount of the variation of the 


actual liver fat content. 


' = ne 
4 : i 
1 : . , A 5 Tete 


oe, 
aay, 


ain tg 02 08, ae i hepmen’ bod a a: 

mort 2rsvit ned ad3 20 saleblncdbe> ws cg ty [a 
avewid oat ,Jmems soaxe ent’ ae bee Aina eoES o 
guoiisy ofa +8 $nsdH0>: tat ak eeonexe?? ip an 
nigcesonst #0 nok eb bse ant: sttetenioak WO to wi 


aia sud 281092 lsuetv ao song tiv entytaw as 


eee 


+evit deat’ - dust hopes dor, saw betons 

to. Level: yas Js nasa EB! yitaketasmpse JG PIOW » 

o£ gous og tt ati we aoitstasmetadue rr: haiey.cone Has 
.etdvisw ray a Rire) eureil tath greta lenoo on, Bedi 

2s 4tipkew savrt ortasanuxe p38 ais gk acai 


- 


ge0NnSs sitib ou Hoidw at sipiew Ybed Sq: enmap O0E, 19q 

bbi:teddo seatey Sat, _Rewageids oaew esnems sats 1 
tnesaad | ows Ylese mixoxgge Rew thoiew weed sads. 

pto42 BsRb adi ore erola she oa) ato ee sigue 9 , 

(BREE oadereey snoge papa 

sreviik oni 7a. was3nes 363, ‘BBS atetone Ape yx ade 

MEd tauelr 40° afsvel Lie 28 eLewnne ee 69 aeiimta ea 

on bed sada: oigozsoghl 20 noizttbhs silt fous sotesions a 

i persaygs dala $7 exstonnAeg oearkt no apeite snrdekuaes, | 

rowbd io oats on bet aa lea %a sobs ibs sit 


waa 


aidanoiteter: oid ‘piekworte oambirevoo to, omen om | i. Pi Be 
noi senimues ss pat siscipuenitea brie gece. $82. sepetw cai, 
¢ (27x xibnoaga )!- 88.0 tov emsy x re ev75R- ‘ahead aitado 7 
aexooe 282 leyeiv darts % adeoibnt sbstigueg aad, ae outev A a | a 
ene Eo" CE a nw ant Serine, anso bt Enya: 9 tot Savoome Bt oa 
- .2npsado | +83: ‘seuEt Kirsiags ji: ee 


32 


°(S0°O>d) 389, ebuey s,ueound 
Aq juexzezytp AtTqueotztTubts jou eze ydtxzosxedns ou 10 qdtazosxzedns owes yzTM SONTeA MOY, 


eure sesso nn 


g2pce = 6201 e*2z L°9t 8°ST 8°EZ ia 2 O°PZ % ‘Qed 
z°z9 €°OL 0°79 0°04 >? TE 0°S9 L°89 p°s9 % ‘uTez0Id 
€°8Z z°8z 0°L2 0°L2 g ‘oberoay 
9°0€ 0°92 £°0€ 0°92 0°92 0°8Z 9°92 S°LZ % ‘xeqqeu Arq 
PF 9L°T p6°T —06°T TROL L0°2 €T°z 96°T 6 ‘qubyem Apoa/B 00t/6 
9° LE €°6€ z°Le y°6E 5 ‘ebezaay 
8° y°ze z°Tb p°Le E° pe 0°OF 6°1P 6°9€ 5 ‘3ybtem yserg 
O°€ 9°Z s*€ 6°Z 9°Z ok 3 c*z Ove , 2100S ASATT TeNSTA 
ISATI 
eee ae Sane ee ee Se 
Fae < e + - 5 - + - szoqyorz oTdoz30dTT 
&ST %0T %S %0 


STSAST TeoW poosoedey 


Pa Se a a a 


suey butke{T JO SXSATT JO UOTRTSOdWOdS pue SABATT 
Jo sepezh uo pettddns sxzojqoez oTdoxzzodTT pue Teou peesedez ZeMOL JO STPAST JO BRDSTZA °E STqQeL 


a 

’ 

; 
.“ 


) Ore aus oo Hh ake) vei EE OR Meabow vail Banety 
a k - 7 , 4 ~ 7 : : 4 - 
: &.o¢ se Sab ate ae On0e” «ONES &, a '@ .tdpiew deazs 
? ote — E. ve 55 >. ef ©. SeaeTA 
ota LY Oh ere Det oes rest 0.5 cL. - 3a, F 98 .2itghow ghod\e WOL\e 
3.06 b, Bs €.08 6. aS 0. a8 o,as a. ak 2.05 | 2. 3et ter ye 
e.3¢ £85 ee | DAE (SpersvA 
Ese ei0% Oss 0,0 d, wa gaes [.83,,0°. beta, 2 niegoxrd 
3 &.5s STL ects Teal 8.2. a6. . S115) \ oe 4 a ee 
- (ee ee ‘a oe i ma a ltl I : ——— —— = 
: ‘ ¥d-dpezes2 ib ylinsoltitinpls son os46 jqinosrocve on 10 Sabioas SGU2 “DoE std bw seoday weal 
' $120. >) “Jeer _ wenes a 'yeongG 
Ww), 


33 


Summary 

Shaver Starcross 288 pullets, 42 weeks of age, were 
fed rations containing four levels (0, 5, 10 and 15%) of a 
low-glucosinolate RSM (Tower variety), either with or 
without added lipotropic factors, for a period of 32 weeks. 
The results obtained indicated that: 
1. The inclusion of 5, 10 or 15 percent Tower RSM in a 
laying ration had no significant effect on level of mort- 
ality or incidence of HLS in laying hens. Addition of 
lipotropic factors appeared to reduce mortality slightly 
but the differences were not significant. 
2. No detrimental effects on rate of egg production, 
calculated either on a hen-housed or a hen-day basis, were 
observed when Tower RSM was included in the rations at 
levels up to 15 percent. 
3. Interior egg quality from hens fed Tower RSM was 
similar to that observed in the controls. The addition of 
lipotropic factors resulted in significantly higher Haugh 
unit values than was observed in the unsupplemented groups. 
4. Hens fed 5, 10 and 15 percent Tower RSM had significantly 
lower egg weights than those of hens fed the control ration. 
5. Egg specific gravity, feed per dozen eggs and final 
body weight were unaffected by inclusion of RSM or lipotropic 
factors in the rations fed. 
6. Inclusion of Tower RSM in laying rations had no effect 
on the visual score of livers or on their composition. 


7. Addition of lipotropic factors had no consistent 
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34 
influence on visual liver scores or on the dry matter, 
protein and fat content of livers. 

8. Visual appraisal of the fat content of the livers 
accounted for a significant amount of the variation of 


the actual liver fat content (r = 0.58). 
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Sha LLON EE 

The effect of low-carbohydrate diets on the composition of 
livers of laying hens. 
Status of the problem 

Since the addition of lipotropic factors had no con- 
sistent effect on visual liver score or fat content of the 
livers (Section I), it would be desirable that some other 
metgod! be’ devised te@,control fat deposition wn ithe sliver. 
A recent book has advocated the use of very low carbohy- 
drate diets as a means for humans to lose excess fat 
(Atkins, 1972). It, therefore, seemed possible that the 
use of low-carbohydrate diets might be useful in reducing 
Eat deposition in the body and-liver of laying hens. “GCon- 
sequently, an experiment was conducted to determine the 
effect that feeding low-carbohydrate diets would have on 
liver composition and fat reserves of hens at the end of 
their first Laying year. 
Experimental 

One hundred and twenty Shaver Starcross 288 hens, 73 
weeks of age and laying at a rate of about 60% were randomly 
selected, leg-banded, weighed and divided into six compar- 
able groups of 20 birds each. The hens were placed in 
cages (2 birds per 30 x 40 cm cage) and given feed and 
water ad libitum. 

The composition of the rations used is shown in Table 
4- The control ration (Ration-“1) was calculated to contain 


2680 kilocalories of metabolizable energy per kilogram and 
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dhs ee, percent of crude protein. Raton’ *2°\iwas 
Similar to Ration 1 except that the protein content was 
increased greatly by the addition of soybean meal and 
promine at the expense of the grains. A major portion of 
the energy in the ration was still derived from carbohy- 
drates in the grain portion of the ration. This treatment 
was included to assess the effect that high protein might 
have on liver composition and body fat reserves. A very 
low carbohydrate diet (Ration 3) was devised by using 
cooked eggs as the source of energy and protein in the 
ration. Eggs were prepared by breaking the eggs into 
aluminum trays (10 eggs per 9 x 18 x 6 cm deep container), 
discarding the shells, and heating the egg contents in the 
autoclave at 121°C for 8 minutes; At the conclusion of 
this cooking procedure any moisture that had collected in 
the trays was drained off and the eggs were then blended in 
a "Kitchen Aid" mixer. Minerals and vitamins were added to 
provide an "egg ration t This ratromw was stored ats Cand 
was remixed every second day with freshly cooked eggs to 
reduce the possibility of bacterial spoilage. Each morning 
any of the ration remaining in the feed troughs was re- 
moved and the troughs were thoroughly washed, dried and 
filled with fresh feed. Because of the low energy content 
of the egg ration (1555 kilocalories per kilogram and 11% 
C.P.) it was assumed that the hens would consume approxi- 
mately twice as much of the ration as the controls. In 


Ration 4, skim milk powder, vitamin-free casein and stabil- 
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ized animal fat were used to provide approximately the same 
level of energy and protein as in Ration 2. It was assumed 
that since almost all of the carbohydrate in skim milk 
powder is in the form of lactose and since hens lack the 
enzyme lactase, the carbohydrate would not be utilized. 
Thus the ration could be considered to be a low-carbohy- 
drate ration for hens. Ration 5 was similar to Ration 4 
except that dried whey and casein were used in place of 
skim milk powder. Since whey also contains lactose, it was 
assumed that the energy in the ration used by the bird 
would be derived from fat and protein. Ration 6 was simi- 
lar in energy and protein content to Rations 2, 4 and 5 
(2850 kilocalories per kilogram and 40% C.P.), but all of 
the energy and protein was supplied by meat meal, herring 
meal, dried whey, vitamin-free casein and stabilized tallow. 
Thus, the ration was very low in carbohydrate content. 

Records were kept on mortality, egg production and 
feed consumption. The hens were weighed after 2 and 4 
weeks on test. The experiment was terminated after 4 weeks 
on, test. 

At the conclusion of the experiment 10 hens from each 
treatment were sacrificed by cervical dislocation and their 
livers were visually scored for fat content and haematomas. 
Each liver was removed, weighed, placed in a plastic bag 
and stored at -20°C until analyzed for moisture, protein 
and fat (Appendix I). To give an indication of body fatness, 


the abdominal fat pads from each bird were removed and 
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weighed. A record was kept of the weights of the Ovary and 
Oviduct from each bird. 

Duncan's Multiple Range Test was used to evaluate 
between-treatment differences in the experimental data. 
The analyses of variance were evaluated at the 0.05 level 
of probability (Appendix IV). 

Results and Discussion 

The effects of the treatments on egg production, feed 
consumption, body weight, liver weight, visual fat score 
of the liver and liver composition are summarized in Table 
5. Values shown are those obtained at the conclusion of 
the 4-week treatment period. 

The hens fed the low-carbohydrate diets (Rations 3-6) 
had a significantly lower rate of egg production than those 
fed the control ration (Ration 1) or the high-protein, 
hagh=carbohnydrate.ration (Ration °2)'.. -The>reductdaontan 
production rate was evident within 4 days from the start 
of the experiment. This reduction was less pronounced in 
the group fed the egg ration (Ration 3). 

Feed consumption was affected by the rations used. 
Hens fed the cooked egg ration consumed almost twice as 
much feed as the birds fed the control ration thus having 
essentially the same caloric intake. The hens fed the 
ration containing skim milk powder consumed approximately 
three-quarters as much feed as the controls while those 
fed dried whey and vitamin-free casein (Ration 5) or 


animal products with dried whey and vitamin-free casein 
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(Ration 6) consumed less than half as much feed as the 
controls. Because of the reduced feed intake, caloric 
consumption on these "low-carbohydrate" rations was greatly 
restricted. No explanation for failure of the birds to 
consume enough to meet their energy requirements is evi- 
dent; however, the birds fed these low-carbohydrate rations 
developed profuse diarrhea. This may have had an effect 

on feed consumption. 

The treatments used had variable effects on changes 
in body weight during the experiment. The hens fed the 
control ration and the high-protein ration increased 
Slightly in body weight and the group fed the egg ration 
Maintained relatively stable body weight. Hens fed the 
other low-carbohydrate rations (Rations 4-6) showed signi- 
ficant losses in body weight. The magnitude of weight 
loss was closely associated with the level of feed intake. 

The weight of the abdominal fat pads appeared to be 
closely related to changes that occurred in body weight. 
Hens fed the control ration, the high-protein ration and 
the egg ration had large fat pads while those on the other 
low-carbohydrate rations had significantly smaller abdominal 
fat pads. 

The combined weights of the ovary and oviduct appeared 
to be directly related to the levels of production of each 
treatment and accounted for part of the weight reduction 
that occurred in the groups fed low-carbohydrate rations. 


The loss was greatest in the groups showing the largest 
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body weight loss (Rations 5 and 6). 

Fresh liver weights were reduced in hens fed the low- 
carbohydrate rations (Rations 4, 5 and 6) but liver weights 
of birds fed the egg ration were not reduced. When cal- 
culated in relation to body size, there were no signifi- 
cant differences in liver size between treatments. 

Visual fat scores of the livers indicated that the 
level of liver fat was reduced in three of the low-—carbo- 
hydrate treatments (Ration 4, 5 and 6) as compared to the 
controls. The scores on the livers of the hens fed the 
egg ration were similar to those of the controls. No 
evidence of haematomas in either the controls or treat- 
ment groups was observed. 

The composition of the livers was affected by the 
treatments used. Groups fed Rations 4, 5 and 6 contained 
a higher level of protein and a lower level of fat than 
was observed in the other treatments. It is interesting to 
note that the hens fed the egg ration (Ration 3) had 
liver fat levels similar to those fed the control ration. 
Summary 

Shaver Starcross 288 hens, 73 weeks of age, were fed 
rations of very low carbohydrate content to determine the 
influence that such treatments would have on production 
rate, body weight, liver composition and body fat reserves. 
The experiment was terminated after 28 days on treatment. 


The results obtained indicated: 
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Feeding rations of low-carbohydrate content caused a 
reduction in rate of egg production. 

Of the groups fed low-carbohydrate rations, only those 
on the egg ration consumed enough feed to meet their 
energy needs. Birds fed the other low-carbohydrate 
rations reduced their daily caloric intake. This re- 
sulted in marked losses in body weight and reduced 

size of the abdominal fat pads as compared to the other 
treatments. 

Fresh liver weights were significantly reduced when 
low-carbohydrate rations were fed. When liver weights 
were expressed on the basis of body weight, no signi- 
ficant differences were observed. 

The level of fat in the livers of hens fed the egg 
ration was Similar to that in the hens given the control 
and high-protein rations. Liver fat levels in the hens 
fed the other low-carbohydrate rations was markedly re- 
duced. Visual fat scores of the livers were closely 


correlated with their actual fat content. 
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SEC TION “DET 

The effect of restricted feed intake on the composition of 
livers of laying hens. 
Status of the problem 

The previous experiment (Section II) failed to deline- 
ate the reason for the reduced lipid content of the livers 
of hens fed rations of low carbohydrate content. It app- 
eared that the reductions that occurred may have been 
related to level of feed intake rather than the carbohydrate 
content of the ration. It therefore seemed desirable to 
determine the influence that caloric restriction might have 
on the amount of fat present in the liver. Consequently, 
an experiment was conducted to determine the effect of 
various levels of feed restriction on the fat content of 
the liver of mature laying hens that had completed their 
first laying year. 
Experimental 

Sixty four Shaver Starcross 288 laying hens, 80 weeks 
of age, that had finished their first year of production in 
laying batteries were randomly selected, leg-banded, weighed 
and divided into eight comparable groups. The birds were 
placed in floor pens 1.42 meters x 4.27 meters in size and 
a period of 5 days was allowed before beginning the experi- 
ment to permit the birds to become accustomed to the change 
from batteries to floor pens. 

At the end of the 5-day acclimatization period, two 


groups were placed on each of the four treatments. The 
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treatments used involved feeding the hens in each group 
either 60, 70, 80 or 90 grams of laying mash (Table l, 
Ration 1) per bird per day. One-half of the daily allot- 
ment was given at 7:30 a.m. and the rest at 1 p.m. each 
day. Because of an error that occurred in feeding, actual 
feed consumption values in three of the groups was slightly 
higher than specified. The actual amount of feed consumed 
is given in Table 6. Twice-daily feeding was used to 
ensure that all hens had an equal opportunity to consume 
their share of the daily feed allotment and to try to 
reduce the influence of "peck order" on feed consumption. 
The experiment we terminated after 4 weeks on treatment. 

Eggs were collected four times daily so that hens on 
the more restricted feeding regimes would not have an oppor- 
tunity to eat the eggs that had been laid and so that floor. 
eggs would not become buried in the litter. A daily record 
was kept on egg production. 

Throughout the experiment water was supplied ad libitum. 
Artificial lighting was provided for 14 hours per day but 
natural light also entered through the windows of the 
building. This extended average day length because the 
trial was conducted in July. 

All hens were weighed after 2 weeks on treatment and 
at the conclusion of the experiment. A record was kept of 
egg production and mortality during the experiment. 

At the conclusion of the experiment six hens from each 


replicate were sacrificed by cervical dislocation and their 
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livers were examined and visually scored. The livers were 
stored and analyzed in the same manner as was used in 
Section I. 

Duncan's Multiple Range Test was applied to the liver 
composition data at the 0.05 level of probability as an 
evaluation of the analyses of variance and significance of 
differences. Details are shown in Appendix V. 

Results and Discussion 

The effect of feed restriction on egg production, body 
weight, liver weight and liver composition is summarized 
in Table 6. Since there were unequal numbers in the rep- 
licates due to mortality during the acclimatization period 
the body weight, liver weights and liver composition data 
includes only the values from six birds in each replicate. 

No significant differences in rate of egg production 
were caused by two different levels of feed restriction 
imposed. This may reflect the fact that the body weight 
of the hens was high ita egg production had already declined 
to a low level when the experiment commenced. 

Restriction of feed intake had no effect on final body 
weight but resulted in a significant increase in loss of 
body weight. The fact@tha te the hens in all treatments, 
including those being fed as much as they would consume 
(Treatment 1), lost weight during the 4-week experimental 
period may have been responsible for the failure to observe 
a difference in final body weight. It is also possible that 


the hens were not fully acclimatized to feeding and management 


ah ' eae 


ocak seeeainamaes — bes bs 
mi Bear caw, Bs) Sani) posite 


; all 
+evil sii 3+ Seilags) 2aw asl gran 
nd as, vatitkdsdoa 20 fevalf en. ois anh 
to a5asditinols bas Soneimayr Movesexvlocs | f 
a i bneges wh guide ‘exe alisteg: 


i, ui 
aa) ar 


ott 


ohiddd ,1oicprborg pe so ahsoLtiees best Ro st 
bss (poe istres ai noLtfacgmon ‘tert ons, dipiow : 
-yorsdd ni axsdmen Deepen jerey Mend senkgy Tar 
bolLisg noitesinemifses etd eked (ut Las tem sod any) 3 = my 
sibb notéiebonids taeke Bares asap haw sorb steiakew) whOd 
. stshiges dione ni ebm id «ie 0 *2 eerie alah ello re 
notstephozg pps, 20 eden) hy podaaathih wameinteohd 6 oie i 
noeiteistdart hest To ahever Dept RB 8 vd omg 

tnhpiaw poet “ahs tutt, Joat ony s0e13ex yom ead, | | a 
dant lost pba pnd nmisquborg-pp> oie “dghit asw awed ed we 
baoqeuined Paonebwoqus odd soiw favel wot “=a 

Yeod Iswi2 co 198210 or bind ames’ beet tea noktoduy asa | ue 
(20 S80! sh eanoxori simoitinpte 6 ab besideos vt soe 
stramiiects ite ri aie eat teats tost oni apensei 


Seis okdieeog oe has ak ra “tittle yoo toate ak aaiatth 6 Pe 
Rit iti tic. 3 baa. albedo ba sin emeann meee a 


iP ae 
ht ul 
r 7 ad / 


2 ci ; Vv : ; P iv, ar : ‘ 
se 68 = : - cr : ‘v a Wea stat at 
¢ Gee 1 a - y ‘ae ie Sa wee a a “ae Le i aw ; 


J 


47 


°(S$0°O0>da) 280, ebuey s,ueoung Aq jueZesztp ATIueS 
-T3Tubts you sae 3Adtzoszedns ou 20 4dtzoszsdns sures 3uR YAITA SOENTeA MOY 


T 


qt8 "hl _qae vl qi0°EL ~08°89 g ‘utoj07d 

TO°ST 98° FT 96°9T 80°6T e ‘Jeg 

cELZ SP°9z Lg°92 06°LZ % ‘zezQeu Arq 

cc 8°Z c°e B°E eI0ODS 4eJ TeENSTA 

qi6"t q66°T q60°2 ~oSae 3y6tem Apog/b o0o0t/b 

59° 62 58° 0€ qt SE 1p" OF 5 ‘2y6bTemM yserg 
USAT 
qlvé qb0E SIT peel 5 *SSOT 3uBTOM 
ZTST ELST SOLT ZE9T 6 ‘3y6tem Apoq Teuta 
6S8T Z88T €Z8T VOLT 5 ‘3y6tem Apoq TeTZ Ful 
L°92 Z°OF O° Th S°6Z (4qH %) wot ZoOnpoad 66g 
9°29 z°TL 9°€8 0°S8 (Aep/patq/b) eyezut peeg 

7 € z t 


TeqUNN JuUSU}eeTy, 


“suey BburkeT Jo uotztsodwod ASsATT pue FYHTOM ASATT 39M 


‘3ubtem Apoq ‘uotT3Onpozd Hbe uo uotzoTAAZSEeA psez Jo ROSFJA °9 STAQeL 


4 tis ; 
‘ : ' 
Ag tS on pe rin 
L ; “a . oT 
oe ) ht . » 


RG uoe BAT EF 


= =I 


a Me)” 
RO aRhereeEids 


= 


ae p28 
z 


acr75 


: 


48 


in the floor pens and as a result reduced feed intake. 

Differences between treatments in fresh liver weights 
were observed, and when calculated as a percentage of total 
body weight, livers from the control group were significantly 
larger. This contrasted the previous experiment where birds 
on the most restricted caloric intake did not have signifi- 
cantly lower liver weights. 

Appraisal of fat content by means of visual fat scores. 
indicated that fat content decreased as level of feed intake 
decreased. Birds on the most restricted caloric intake 
(Treatment 4) had lower liver fat scores than the controls. 
The fat scores were slightly higher for the controls in 
this aippticimenitk eta they were in the previous experiment. 
This may have been because older birds, producing at a 
lower rate, were used in this experiment. No haematomas 
were seen in any of the livers examined. 

Although visual fat scores on the livers indicated 
that caloric restriction resulted in lower fat levels, 
chemical determinations failed to show a sider fincas de- 
crease in fat content in the restricted groups. The pro- 
tein sont: of the livers of all of the restricted groups 
was increased above that noted on the control ration. No 
differences in dry matter content of the livers were observed. 
The failure of restriction of feed intake to affect liver 
fat levels does not help to explain the influence of low- 
carbohydrate rations on liver composition obtained in the 


previous experiment. Further work with larger groups of 
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hens and more severe feed restriction might help to clarify 
the contribution that reduced caloric intake may have had 
on differences which occurred in hens fed the low-carbo- 
hydrate diets (Section II). 
Summary 
Shaver. Starcross 288 pullets, 80.weeks of age, at the 
end of their first year of egg production were supplied a 
commercial-type laying ration at levels of 60, 70, 80 and 
90 grams per bird per day; the highest level was equivalent 
to unrestricted feed intake. The experiment was continued 
for 28 days. At the end of the trial, livers from each 
treatment were examined and their composition was determined. 
The results imaiéaveds 
1. Varying levels of feed intake had no effect on final 
body weight in this experiment; however, liver size 
was smaller from birds in the restricted treatments and 
body weight-loss during the trial was significantly 
greater in the more severely restricted groups. 
2. Visual liver scores indicated that as feed intake levels 
were reduced the fat content of the livers declined. 
3. The levels of feed restriction used showed no signi- 
ficant difference on the deposition of fat in the livers 


of laying hens. 
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GENERAL DISCUSSION 

The lack of effect of varying levels of RSM in the 
ration fed on mortality, production rate and feed effici- 
ency and the very low incidence of HLS in these experiments 
suggests that a level of 15 percent Tower RSM may be safely 
used in laying rations. This reenforces the general rec- 
ommendation of Clandinin et al. (1976) that Tower RSM may 
be used at levels up ee deus0 percent of laying rations. 

The observation that liver composition back tik affected 
by level of Tower RSM agrees with the findings of Olomu 
(1974) and Serrano (1976) who reported that the inclusion 
of different levels of Span RSM did not cause any increase 
in size of the liver or any increase in fat deposition. 

The general lack of effect of various levels of RSM on fat 
content of the liver even when a high incidence of HLS was 
observed (Olomu, 1974; Serrano, 1976) suggests that the 
disorder associated with RSM inclusion in laying rations 
is probably different than the fatty liver syndrome des- 
cribed by Couch (1956). 

The lack of effect of lipotropic factors in reducing 
liver fat content is in agreement with previous studies 
(Wolford and Murphy, 1972; Jensen et al., 1974; Serrano, 
1976). Since liver fat levels were not affected by in- 
clusion of RSM in this experiment, it can probably be 
assumed that no deficiency of lipotropic factors was present 


in the unsupplemented rations. 
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The use of low-carbohydrate rations as a means to 
reduce liver fat content gave variable results. Three of 
the rations fed gave reduced weight of abdominal fat pads 
and lower liver fat levels; however, hens fed the egg 
ration had abdominal fat pads and liver fat levels compar- 
able to those fed the high-carbohydrate rations. The 
differences may be attributed to differences in energy 
intake. Hens fed the egg rations increased feed intake 
sufficiently to meet their energy needs whereas the birds 
fed the other low-carbohydrate diets greatly reduced cal- 
oric intake. This led to a significant reduction in weight 
of abdominal Fat pads and fat content of the livers. The 
above observations suggest that feeding low-carbohydrate 
diets to chickens will not cause reduced body tissue stores 
of fat provided they consume enough to meet their daily 
caloric needs. This is at variance with the suggestion of 
Atkins (1972) that humans on low-carbohydrate diets can 
consume as much as they wish and will continue to lose 
weight. This work would suggest that it is necessary 
with chickens that caloric intake be reduced if weight 
loss is to be achieved on low-carbohydrate rations and lends 
support to the opinion of the American Medical Association 
Council of Foods and Nutrition (1974) that weight loss 
among humans consuming low-carbohydrate diets was due to 
reduced caloric intake. 

The lack of effect of feed restriction in lowering 


liver lipid content and egg production contradicts the 
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findings of Couch (1974). The lack of decline in egg 
production among hens on restricted caloric intake could 
be attributed to the stage of egg production of the hens. 
The hens were tate out of production when the experiment 
started. Since hens in all treatments lost weight over the 
experimental period, liver lipid levels were probably 
altered at all levels of caloric intake so that a decrease 
in the most restricted groups was not significantly dif- 


ferent than those being fed ad libitun. 


928610985 5 fad, OR. pate pe de | 
~%kb tana ttle sod hindi botoe 


oa salle 


‘ 
t 
+ 
y 
» 
a 
7 y 
)) Soeyan 
f 
| 
f j / 
: on er 
i 
He 
5 
) 
t 
i 
“i é 
ii 
7 e) 
i a 
s 
fs 
v 
4 
i 
* 
és 
2 
a 
\ 
i 
a 
- 
U 
Ta ¢ 
i ol 
if - — 


a) 
we 
a 7 
‘ 
Be 
a 
i 
4 
‘ 2 
ay 
1 ry 4° 
t 4 
1 
' c 
| 
. 
Fo] 
pe 
Bi 
- ; 
} ’ 
| 
' ‘. i 
iy - 
ae a 
a 
aa 
, 


53 


BIBLIOGRAPHY 

Allred, J.B. and K.L. Roehrig, 1970. Hepatic gluconeo- 
genesis and glycolysis in chickens fed "carbohydrate- 
free" diets. J. Nutr. 100: 615-622. 

. American Medical Association Council on Foods and Nutrition. 

1974. A critique of low-carbohydrate ketogenic weight 

reduction regimens: A review of Dr. Atkins' "Diet 

Revolution". Nutrition Reviews. July supplement, 

Dpy 15-22. 

.Anonymous. 1976. A role for biotin in fatty liver and 
kidney syndrome in chicks. Nutrition Reviews 34(7): 
217-219. 

Asncrort, D.W. £933. TEerrect of milk products’ on’ pH). of 
intestinal contents of domestic fowl. Poultry Sci. 
123 292-298. 

Association of Official Agricultural Chemists. 1965. 
Official Methods of Analysis of tha A.O.A.C., 10th ed., 
Washington, D.C. 

-Atkins, R.C. 1972. Dr. Atkins‘ Diet Revolution. Bantam 
Books, Inc., 666 Fifth Avenue, New York, New York. 

Balnave, D. 1975. The effects on liver metabolism of 
administering excesses of biotin to immature pullets 
and laying hens. Br. Poultry Sci. 16: 641-643. 

"Bannister, D.W. 1976. Hepatic gluconeogenesis in chicks: 

Effect of biotin on gluconeogenesis in biotin-deficiency 

and fatty liver and kidney syndrome. Comp. Biochem. 


Physiol. S3( Bits 5732079. 


oka sue Bits ‘Bieter tO aa penn 
savlsw 2ingpodent -stexbtdocnadaiiel ‘ho wii 
deta" ie eae HA acd to waa A sarentipen | a hs me 
+t: amat wana tot swore em gis” ham 
wih 


| Bre ‘ajar ered fit nisoked sao efox A | 
S(T) RE ewstved no kshseyl . AAtaitite fh soxtae ¥ bie “a 
Leber tt “ a 
_ to Hg to, eS pyc yea is te seo Tha. te Pe ¥ more wy 
-£08 5 rd vod bes ohana To atastaoe tia: ances)! 
2884 
. be pais 


} a 7 | es 


ae enee wOLSy hone +9ka Ree ‘a 2. 
Ano we ,ATax wet une, ET ane — 
to” ma Linda rem tevit ao athe? ont hee 
etosing ean tion ot ntyond to epneenee 4 
OReALBD. Bi bom yritwog 28 «. paeoul " 
redoida mb _abesnoposnoouly widegen aren” Mia ye ; 7 
Yonsipiteh-Abtond al, etvenepoamepate ‘wd nisordt to, sigue vie 
-madooR® quo) ‘en al ieee bas seubt vied ba 
Se Le J nate-zra aye ste | 


t¢ 


aang 


t 
a! 


Ve ,, ; y 
: Gs v 
: 


54 


‘Barton, T.L., C.J. Flegal and P.J. Schaible. 1966. "Fatty 
liver" syndrome in laying hens as influenced by pro- 
tein-energy ratios. Poultry Sci. 45: 1068 (abstract). 

‘Belo, P.S., D.R. Romsos and G.A. Leveille. 1976. Blood 
metabolites and glucose metabolism in the fed and 
fasted chicken. J. Nutr. 106: 1135-1143. 

Blair, R., W. Bolton and R.H. Duff. 1969. Fatty liver 
and kidney disease in broiler chickens receiving diets 
with varying contents of protein. Vet. Rec. 84: 41-43. 

‘Blair, R., C.C. Whitehead, D.W. Bannister and A.J. Evans. 
1973. Involvement of diet in fatty liver and kidney 
syndrome in broiler chickens. Vet. Rec. 92: 118-119. 

Blair, R. and C.C. Whitehead... 1974. An assessment of the 
factors associated with fatty liver and kidney syn- 
drome in broilers. XV World Poultry Congress. River- 

gatesruppy 380-382. 

| Blair, R. and C.C. Whitehead. 1976. The role of dietary 

factors, particularly biotin, in the prevention of 

fatty liver and kidney syndrome in broiler chickens. 

Feedstuffs 48(4): 28-32. 

-« Blum,»J.C.; Bs Leclercq and C. Calet. ©1973. ..The function 
of the vitamins in the development of "fatty liver" 
in poultry. F. Hoffmann-LaRoche and Co. Ag. Basel, 
Schweiz/Switzerland. | 

Bossard, E.H. and G.F. Combs. 1970. Lipotropic agents in 


broiler breeder rations. Poultry Sci. 49: 599-601. 


eurad 9008 22h. ach 
na ree’ cane 


ERLE ES tat cs a 
xavit aed (.206L ise pal ‘han coho 
etats) brivitsden: vino iinits, at é 
“Ebsh> hB onthe | wav | Abeson te y acen0y®. estat 
BVA. \ Ge A bis, sotebins® a beortes hih Pad 
YoubEa (Brn. revit de lk OR, Do fom 8 
-OLi-8if 280 .peA sFeV b 
add: to shading abet tA ORK “eet 0: yo bee 
“nya wach 2x Bats. Toy kL ead, dvi Diath A SO: S. 
-taviA ..epetpaod (heed aden ve Bnmaeg i ? a 
Vist Std. ta etot ari rer sso. 2 > ne : a 
to Rok tabvang ord fk akon yt 7 pil F | 
-aaao kis hog ree create. Youbi x Silks 
— ce paStres earns at tate 
“aed $o0net wat, EVOL <telsd 9 bre ne a ne | A ne 
"vewit vise Ro ee ont: nt) ee: at " pdt tool ri fed 
| tsweteupa’ 09) fits ace [ty : 
fay ola | vee aa . Bisa # . os 
iti esi8pe ‘sigoxsoqis RE seats a9 om 808 Bt 
03-802; 50h od westeot lapels sebeord, 3 hie 


& 


’ , i 
> aa a 7 j 4 F sat 
. 7 ved = sn a ; 5 i = on 


35 


Bragg, D.B., J.S. Sim and G.C. Hodgson. 1973. Influence 

of dietary energy source on performance and fatty 

liver syndrome in white leghorn laying hens. Poultry 

Sci. 52: 736-740. 

Cardin, D.W., J.E. Marr, R.A. Zimmerman and D.C. Snetsinger. 
1968. The use of rapeseed oil meal in commercial layer 
diets. Poultry Sci. 47: 1659-1660 (abstract) . 

‘Chah, C.C., R.A. Nelson and C.W. Carlson. 1975. Fatty 
liver-haemorrhagic syndrome as affected DYPEAt, énoiine 
and biotin supplementation. Poultry Sci. 54: 1743 
(abstract). 

-Clandinin, D.R., A.R. Robblee and K. Darlington. 1976. 

A review of research on the use of low glucosinolate 

type rapeseed meal in rations for poultry. 55th 

Annual Feeders' Day Report. Dept. of Animal Science, 

University of Alberta, Edmonton, Alberta pp. 53-57. 

‘Couch, J.R. 1956. Fatty livers in laying hens - a condi- 

tion which may occur as a result of increased strain. 

Feedstuffs. 28(47): 46-53. 

‘Couch, J.R. 1968. Fatty liver syndrome - a summary of 

papers presented before the 1968 Texas Nutrition Con- 

ference. Feedstuffs 40(49): 48-51. 

‘Couch, J.R. and B. Grossie. 1970. Choline and inositol in 

laying hen nutrition. Poultry Sci. 49: 1731-1733. 

+.Couch,). JR.» 1974.) Nutritional report from -1974 Poultry 

Science Association Meeting. Feedstuffs 46(43): 32-36; 


40. 


", scigp tage: ania. a 
yet Bie: Sone 
este, att pak 


ephiaien 9,4 Das. ase ka ah sori hag 
rsyel ist LON SMES | ply fem weet be nt ip al aa hake ‘este. ) bisa 
. (Hoesttads), odai~enat Pre hoe vudivot “cea | 

yists t aren nowlied, RD bine tomhoit: ae: 
melons , 382 ye pessoria: ae conor o byyp ater 


ESTE G82 Vipe) yao Legh: 


aves nddpakniaa A. bie dabdeon’ siti ite 
seston kdooy fp WoL 25 ahs! ajelg eo Hetsoees 0 waned Se 
de?” ‘tttwod “toi sl ab tna Soomogns may | 


\seatoe? tenrat 20 AMSG) 


VOHER ag sduediA, | 
~ibi0o ‘p - ant sietiuat ak: bape byes “een Re 
re gute baehabiak: to shosem, ‘- ae xa090 em | | 
seed eae Rb £00098 

to. Ye xem s = enor ber yan zovuit east 
-800 moi sbaculr annat seer Set: ‘enctigg | 
18-8 =n) Om: erausaboot ROMETER 

ni Lot keowk bons onlin ‘ORO \ yokeeox® a a 4 
SERERLECL’ +e toe patiodit Seesaiansainsarhoiaeet 
yrsioed oeL wont suogen inoboasiom., ORE fhe 
sAE=SE eGeDIDE - wituaeboss eigen toomed ‘gt 


~ 


“| 


56 


‘Cunningham, D.C. and W.D. Morrison. 1976. Dietary energy 
and fat content as factors in the nutrition of devel- 
Oping egg strain pullets and young hens. Poultry 
SCiu, ,.p 5 28o a7 s 

Donaldson, W.E. and C.D. Gordon. 1960. The effect of 
3% added animal fat on laying hen performance. 
Poultry Sci..39: 583-587. 

| Duke, M.J., R.K. Ringer and J.H. Wolford. 1968. Failure 

of plasma protein level to indicate developing fatty 

liver in chickens. Poultry Sci. 47: 1098-1100. 

‘Evans, A.J., D.W. Bannister and C.C. Whitehead. 1975. 

Some aspects of lipid metabolism in fatty liver and 

kidney svidrome in chicks. ,Res. Vet. Sci. \l8: 26-31. 

JE ischeny ack .jand) 4h.5.5 «Sutton. ..1949. « BPffects,of Lactose 

on gastro-intestinal motility: A review. J. Dairy 

Soi. 32% 139-162. 

(Fox, Mok. Stand: G.M.4.Brelggs «+1959... Eitects) of; dietary 

lactose upon chicks fed a purified diet. Poultry 

Sci... 38s. 964-968.. 

- Frank ~-E.Reg end PE. Waible. 1960.. Effect of dietary 

energy and protein levels and energy source on white 

leghorn hens in cages. Poultry Sci. 39: 1049-1056. 

-Garlich,,.0.D. .«J.D..0lson,;: W.E...Hufi and P.B. Hamilton. 

1975. Liver lipid content of twenty varieties of laying 

hens from three confinement systems. Poultry Sci. 54: 


806-813. 


Nadie teaming, etna sbads oa es: Rapist, 
OOLEOCOE aT dee RO peer ovit 

‘avec .beadterte sa Bate nate Loe wie ai 
rte TSviL vse ath mat Lona: bigit te 


Eros /F9S, tsa" SH: came) Ai isi 
sacdtosl to staSRIE .eOE sooetda8 a sit 
Yiisd .L - -weived £ gota wae fay i? 


Naaeeee to aon +3 


eatin | tei pod tise s i 


i / 


sii Seca 5a: od aden ae. ssidile +a wt = 
adiyet zo aetreitiv wtinene to tnetnos bigit eval 4 
wee - toe ees mania secsaiasied cian 7 | 


37 


. Griffith, M., A.J. Olinde, R. Schexnailder, R.F. Davenport 
and W.F. McKnight. 1969. Effect of choline, methio- 
nine and vitamin B,2 on liver fat, egg production and 
egg weight in hens. Poultry Sci. 48: 2160-2172. 
‘Hall, S.A. 1972. Lysis of hepatic reticulin: An unusual 
lesion in laying fowls possibly associated with rape- 
seed meal. Vet. Rec. 91: 495. 

‘Hamilton, T.S. and H.H. Mitchell. 1924. The occurrence of 
lactose in the alimentary tract of the chicken. J. 
Agr. Research 27: 605-608. 

-Hemsley, L.A. 1965. The "fatty liver and kidney syndrome" 
of young chickens. Vet. Rec. 77: 124-126. 

~Hochreich, H.J., C.R. Douglas and R.H. Harms. 1957. The 
effect of suddenly changing the calorie-protein ratio 
in feed upon egg production. Poultry Sci. 36: 477-448. 
-Husbands, D.R. and A.P. Laursen-Jones. 1969. Fatty liver 
and kidney syndrome. Vet. Rec. 84: 232-233. 

‘Ivy, C.A. and M.C. Nesheim. 1973. Factors influencing 
the liver fat content of laying hens. Poultry Sci. 
52% 281-291. 

‘Jensen, L.S., G.W. Schumaier, A.D. Funk and T.C. Smith. 
1970. A new lipotropic agent for the laying hen. 
Poultry Sci. 49: 1401 (abstract). 

‘ Jensen, L.S., G.W. Schumaier, A.D. Funk >) 2.C. Smith and 

L. Falen. 1974. Effect of selenium and lipotropic 
factors on liver fat accumulation in laying hens. 


Poultry Sci. 53: 296-302. 


BS nat plenne ie wba is | j ERG 
“stessoars" 4BK tsa eotaet sane ier we 
lérenny ae 5 ibd Ses " Re mete a eo ty | 
~sge% a Baisisages, vise: rey mia é 
2Ba bes Loe tev! . 3 

0 ‘BULSItHOD0 ont eee etal ae baw tor 
ee’ nedtai ds Sit to Pr isenont Ls odd a" he party 

| uadeenoD .te costes 3 

"sist nos banye voabig Bens Pea wae da aloes tasted 
| Jae Laphae eh coe tay sna aot | 

gir Mek . ( bphbee ee bis @pigirod MONT | | 
obtea aiston~atioiso ony ‘onteands tna 0" 
SRNAGTD EVE, eee. eee , 


SE ree -epes "ie i. rise ee ‘e oo 
-BES=ERS | 2b Seis ay peerrey teehed beh 

prtoieos ales wdedoett - et. ticentaot Qt Ba co aN 

-i98 (ao tudd) ey privat a0 Sneed cad “ard 


re smite fous at ea. sa ab: 
‘tee enter sid OX gue 


2 “oa aedy 0 6 84 on 
ars stoke out sot oe a f 


sate saitins ite Saeed ick vo 


58 


' Jensen, L.S., C.H. Chang and V.D. Maurice. 1976. Effect 
of biotin and niacin on lipid content of livers in the 
laying hen. Poultry Sci. 55: 1871-1783. 

‘Jensen, L.S., J.M. Casey, S.I. Savage and W.M. Britton. 

1976a. An association of hardness of water with 

incidence of fatty liver syndrome in laying hens. 

Poultry Sci’ 55260719=724. 

, Jensen, L.S., C.H. Chang and R.D. (Wyatt. 1976b. Influence 

of carbohydrate source on liver fat accumulation in 

hens. “Poultry Sci.°55: 700-709. 

Kim, S.M., M.B. Patel, S.J. Reddy and J. McGinnis. 1976. 
Effects of different cereal grains in diets for laying 
hens on production parameters and liver fat content. 
Poultry Sci. 55: 520-530. 

Leveille, G.A. ‘and DiJ.s "Bray: 1970. The lack of effect of 
dietary inositol in depressing liver lipids in the hen. 
Poultry “Sei # 492°327-329. 

-Lucas, H.L., L.C. Norris and G.F. Heuser. 1946. Observa- 

tions on the choline requirements of hens. Poultry 

Sea...825: 3733375. 

- March; BeE oy a ~Biely ‘and’ R. Soong.) 1975." The®effects:.of 

rapeseed meal fed during the growing and/or laying 

periods on mortality and egg production in chickens. 

Poultry *Sciwi54: (1875-1882. 

"May, K.N. and W.J. Stadelman. 1960. Some factors affecting 

components of eggs from adult hens. Poultry Sci. 39: 


560-565. 


saehie) ae, 0 
Srl Aik ‘saavit 2. a sue io ce HRS 8. 
Pst epi ae. ob shiv ite aks 

HOS aeRE | MS “bain. eobving) i Lat ‘anit ” ‘* | f : 3 
daw Tataw ho, arocbred 3 j >«. oe. = | 

133-198 “pakyeL at rails ‘read & yoda %, apis Ot : a 
foes 98 toe 

sonomlint: |. dav et 1s heyy. SH Dae pact hea y fee 
at noitalomuoos Sa sont 79, IAMS GTS Lye eer | 

| ROOF a de a enti viet 

Ov ePL.\ebadiaom tj ‘ne yeban os get aM ae 
eniyet 202 @subb sib’ ands xp fpeuso 2998 AM soeeatne 
,ineda0o) +e soy), Bex crore ted. TOL AOMLOSE FO ASME: optus 
bynig “ be~oee th tot bins mii a 

to tostie 16 AsBh, Sit. OR RH) bisa: wee fh ay ek. a 
fed oft ti eb tgel xa entanorgeb nahi fstaon aba oe a 


| BESO: cal +40 woes ou 7 
~avioad0 we Sau SH. %, a Bite ahyte ane . De 
yxtnyor “ctor to ainomsriapes ne auld: 0, 9A) i Ai, 7 

md Rug ent lat aS, 388) OB oy. am 
ee ee aves ope wit baa. yi oik of sett pie ut b 
| privet 20\ bite eniwoxp: ‘uit ‘pais bet cme boner ‘eae 
| emmanteEliy nei moksoubesg nego vai lasrom £6. boixs 

he see SCL-20BE 282 Gio’ yatta 

prkdoo? ake axoins? amo8 oper. een oad UM Ba saa ‘ 
1@¢ .in@ ysatuns act tans “hlloasten adn 


oz C ¥ i 


ge F : Sey ie ee ‘ % 
é ; re) ae ih dr er! 
* i es ; a 
; 


59 


“MeDanwel, AH.) WeDesPrice, J.H: Quisenberry, B.L. Reid 

and J.R. Couch. 1957. Effect of energy and protein 

level on cage layers. Poultry Sci. 36: 850-854. 

‘McGregor, D.I. and R.K. Downey. 1975. A rapid and simple 
assay for identifying low glucosinolate rapeseed. 
Canis. -bantuoei oo: 191-196. 

Miller, E.C., M.L. Sunde and C.A. Elvehjem. 1957. Minimum 
protein reat aunt of laying pullets at different 
energy levels. Poultry Sci. 36: 681-690. 

National Academy of Sciences = National Research Council - 
Nutrient requirements of poultry. Sixth revised 
C0L1tilon,. 197s 

‘ Nelson, R.A. and C.W. Carlson. 1976. Some effects of 

choline and biotin on force-fed caged layers. Poultry 

Sor 5 bi 2070 (abstract) . 

-Nesheim, M.C., E. Ceballos, R.M. Leach, Jr. and M.J. Norvell. 

1967. The effect of dietary choline on growth of 

pullets, and subsequent effects on egg production and 

Liverelipigew POouULEry Sci.) 46230299 jGabstract).. 

- Nesheim, M.C., C.A. Ivy and M.J. Norvell. 1969. Some 
observations on fatty livers in laying hens. Proc. 
Cornell Nutr. Conf., pp. 36-41. 

Nesheim, M.C. and C.A. Ivy. 1970. Factors influencing 
liver fat deposition in laying hens. Proc. Cornell 
Nutr. Conf., pp. 43-49. 

, Neshéeim, .M.C.,.M.J.. Norvell, E...Ceballos and R.M. Leach, Jr. 


1971. The effect of choline supplementation of diets 


- Eieviten ‘Cpe bie, 6 XU) <fowed aha, 


sntacee aoe dt xahhud 
etdake: bas biged i ae: 


ANY is eet i ae 4 
> > ley E 
har Ary a ne ‘ a y 
oy ide oe A ali hoe 
i wi Pee =, ae : 
i at phe PAE ia er we er 
@ 2 4 i ‘al, f 
» | My ag 
fs AA , ants . 
J > 
‘ 
te 7 7 \ 


.beseeqat otbtomi | 


pitimbriM NOet 
sero tt ih 4s listtog 
Joes “£39 Bei: ise ieieaion si 
fiomod inyvienatt ienobsaM + aonebo® Sd * 
beutvox dabene tent asnewasivpss * | 
| | essa 
2G jtoetts aude satel panenie? Me Ba heb 
ywosdires exsyvel Hepas pet atiagh aD ‘etinte, ban | 


cat A an 


Xo utters ge ani Lost, ad ath - 
brs noksabe eB O) asngie sneipon thins 
(abaaa died ROSE 38), .do8 weatopt teed zen 

BAIA »- IDRE- EE oy 20H Tie ” bets ve v9 Outs i 
een? ened pated oh oe iota “0 seni 


{Lemrsoo i; -anad | payed ma 1 surncam , ba 


+i 2g a Mich ans noting ret 
se ai te ug 


60 


for growing pullets and laying Tens). Poultry Sci. 
50: 820-831. 

Norvell, M.J. and M.C. Nesheim. 1969. Studies on rate of 
choline synthesis in chicks and laying hens. Proc. 
Come HP Nutr Conf s, ppl 31-35. 

Olomu, J.M., 1974. Evaluation of rapeseed and rapeseed meal 
as energy and protein sources for chickens. M.Sc. 
Mesis; DepGr or Animal ‘Sciencey University of Alberta, 
Edmonton, Alberta. 

Olomu, J.M., A.R. Robblee, D.R. Clandinin and R.T. Hardin. 
1975. Effects of Span rapeseed meal on productive 
performance, egg quality, composition of liver and 
hearts and incidence of "fatty livers" in laying hens. 
Canwy Jw Anim Sein +55 2) (7 l~7 5): 

Payne, C.G., P. Gilchrist, J.A. Pearson and L.A. Hemsley. 
1974. Involvement of biotin in the fatty liver and 
kidney syndrome of broilers. Br. Poultry Sci. 15: 
489-498, 

Payne pac 36:24 FO9S -*Biotan rin poultry: nutYrition J. Feedstufts 
47(4): 23-24. 

Pearcey aw. 1972 -eithe aack"'of effect of ‘dietary anositol 
supplementation on egg production and liver lipid 
metabolism in the laying hen. Poultry Sci. 51: 1998- 
2001. 

Polin Pit @and “se wWoitord. 1976" Various types ‘or “diets” 
sources of energy, and positive energy balance in the 


induction of fatty liver hemorrhagic syndrome. Poultry 


fen Bboeoesass. Bre 5e® aot fae ) Hekgeutava j pe 7 


oot ygted eniint Saitek 3 ek 2s Sys: 


Becta et . gna 


‘Set ‘arene cre ok ems, de Loahiial = 


Latbigh 1.acbak ad eboeeee ALG \ Bordddil, a Mote 
ay 5 
Wd TOU DOG ae Swen botanist exige ‘Fo, sonia > he Bt 


» 
Tuts \ 
a _ 


bis spay hf Yate er ae otghig to’ gone it ig 
40f “458 ampgad | 1 4 edited 1 
tia ; 
ivi Mca) WA Oy AN 

2t Tut abhor nies aie ees eee rs: i todir J i ; 
ede oit Ya: ayy re soeyie ce eet one eer 8 Ye } 8 
| bLQit Ce oe Bhs m0.4 (Xabi, ous rom wits fiiemefyiee |” 
~8eer tz . #92 una tinget "eee wie vont 


ey 


\ePeth, 2o- aouyd aNOL AY | 


sit) at sonsked y 
Y2sisol yedoabave 


61 
Sei  S5ce Bao 824 e 

PRUCe Mah Dinh ene Mepaniel,) DN. Smith, Jr., J.H. Quisenberry, 
Bel. Reid’ andiaJ:-RiwCouch. 1957... The effect of energy 
and protein levels on egg production, feed efficiency 
and some lipid constituents of blood and liver of 
eaged. layers.a Poultry Sci. 362 1316-1321, 

Quisenberry; id.H.«=,-InA< Young and P:V<iniN. Muscsteh yak. 96.7 2 
The fatty liver syndrome in commercial layers. Poultry 
Sci. 46: 1308-1309 (abstract). 

Ragland, W.W., D.W. Cardin, D.C. Snetsinger, R.A. Zimmerman 
and. DD BeaGreenc. 4119/0... Effect..of inositol.on layer 
performance and body characteristics. Poultry Sci. 

49.2. J430\.(abstract)., 

Rajaguru RW. sA2S.BiojeP. Vohra and. F:H. Kratzer? » 966. 

The effects of feeding high protein diets to chickens. 
POULER yy ySc te 45 <'  bS3 39-1345). 

Renner, R. 1971. Carbohydrate requirements and availability 
for .chuckens.t.Proc..,Cornel bl: Nuty.«Confiatspp.. 479-85). 

Ringeiga Rsk pand CoC. Sheppard. ylO63ejReport of fatty— 
liver syndrome in a Michigan caged layer operation. 
Mich. (Agia. Exp... Sta. Quart. Bulda jy 45eu A647 » 

Ringrose,, RheC. <and HwA. Davis... 1946)))Choldénesin: the 
nuboiiedon of laying hens. gPoultrys Sci.).255 646-647. 

Sechexnaihider «{R. and.M.s,Griffxth., L973.eu Liver fa and 
egg production of laying hens as influenced by choline 
and, obherm nutrients. sPoultuy Scasy 526) 1188-1194. 


Seis J 2, PeA. Kondra wand D.B.4:Bragg.., 1.968... Rapeseed 


» - RY ; > AC f 
“4 ; Mi : m M vs i oah ee 
Wi t ; or IAD a eee 
a i x , a 
1 a. Revi. . H i 


Psy 


epzend ‘to Jogniay tt ‘eer ‘ 7 
yonstoi’ ta best | ao iasubbag. ‘bp 96 ovo 
0 foes Bins peor: Ee achipaihtemers! , 
| {Sei ares #96) Ae! Perhyed nt 


veel yes om wakes Ch Ane: Ox: Pe or a id ore 


we 


rt fuot axenell te Bios TOD ind  wrachiblnns: ' 
s Mette : -eombaie) coc elgg, * 


tevyel na f5steone 12 short 
ine ‘ya L409 <2 20 iS ei rasaiEette yet iter sf ae Pia. ih 
| ite ae ~oetngn un > a. 
LO0Ol spasee bat a ne Rettioy a it ball 7 


Yiitidelievs’ bap. aAaSsy wpe ove 
:S8r2y, gg as *) Sloe Lene: oat | 
“WwiteX 20 git | ce Aegat ws a a 

P MOLI BORO eye b) bepss “us het i, al ne ame . | a 
Sea pie er 2 HG): wate sat 0 stoin nN 
> 3g ant ‘sag tomo anak. ye | epoxe 

-Vba-8n9 726 toe etlinas a 


bins $63 meyka te oi | tg Ha # baw Te 0 | 


cee beagat: 88 ey f mis rs trie . 
“pe s2yent” Biante oe = i i bbe 


. 


62 
meal: for Laying hens. Poultry \Scis 47: 1717-1718 


(abstract) + 

perrano, J.J. 1976. Effects of biotin on fatty liver dis- 
orders in poultry SeoM:Sce: “Thesis; Depts of “Animal 
Science, University of Alberta, Edmonton, Alberta. 

Smith, T.K. and L.D. Campbell. 1976. Rapeseed meal glu- 
cosinolates: Metabolism and effect on performance in 
laying hens. Poultry Sci. 55: 861-867. 

steele, .RiG.Datandg4HhsoTorrie.s 196020 Principles .and 
procedures of statistics. McGraw-Hill Book Company 
inc?s, WNewRYork 7 i Toronto, London, 

Stefansson, B.R. and Z.P. Kondra. 1975. Tower summer 
rape;s: CanerdtBhant Seu.io5°'343=344 ; 

Mhadyeu, R.H., ehvCyNelson;:.E.Ts ‘Clemens7-R.RY Johnsom and 
Athy Malle sw aL973 7 scLipid: compositivoncofelivers /£rom 
hayingehenss niwoultry Sei. S2272270-2275. 

Tudor, D.C. 1967. The fatty-liver syndrome in chickens. 
Merck Agricultural Memo, #39, Merck chemical division, 
Merck 1&460.-jieknce vyisRahway ; NewtJersey. 

Weber, G., G. Banerjee, D. Bixler and J. Ashmore. 1961. 
Role of enzymes in metabolic homeostasis. II. Deple- 
tion and restoration of avian liver carbohydrate- 
metabolizing enzymes. J. Nutr. 74: 157-160. 

WelssepiH-Sasand-He.Fisher. .1957. Plasma Jipid and organ 
changes associated with the feeding of animal fat to 
faving tdnuckensie yaks Nutr: coh 267 =280". 


Welch, Bi. Be aridijg RS Couch. 1955. Homocystine, vitamin 


a 


SAV E=¥ aye 0h aa ee % i jive 


meek sivae “you 1° tibaole Lt Seale 
‘Lana: #6 +3920 sondsetn e 

sain hiatadh aca sos iohiB a at ta | | | . 3 
Epson sal a Cay. is 
‘es SD event aiieg' fee Qpatts ae wt : 7 a, 
SS WepSebe ake fe xFV0 “hala at 

“Bas ie oiqtonket hae (pee ttn i Eas 


i 
oo 


“tile Lean Peosaysk *sateE 


yaeqine? tobe Live woud’ ade btnde: Ro 

| Aging” ncaa ioe wat” 

enone sawor 2¥ er” SARIN “ay & ‘sea jit ayy | 7 x 
PRE-ERE Me Jee arabe oh -eed ote 

bate’ so eres be , BASINS r ila & aoa om ai iy ak #. me 

jerk’ arowt: ho mee Leogmbs, hate | anes taide . ie 

| ates OSS Re ei canoe. sanait oe nar 

Basal aeie 1 Le. bial sev isegages, Bal Se vote § | 


. Lt 
Mod tev bh tne ansles pan, af yonet Laivaatnberea! on 


nh 


aia laa wah eoMia «ee dl oy ies Br A 
+ -f GRE: Jsromrten a ines ‘vagalee: 8) set ro0ebtl ie sa if 


- P) a 
ar 


a 7 
4) ay t 


ae 
ms : 
he a -2ip63e oar epson, ‘fe wun cy ator ane 


7 


- aie ebY: tydtte: sevil Welve to fio retested. ‘hia aaky i i Ai 

| OE-F Ee: ia that Tas ‘peeinysce enteniedaton — 7 ee i : 
AMByTO bas Eee panes tt, veet awash oe i ye ee 
of 362 pamiting ao ‘gekieed ont ngeioas Oe 
/98S-Kat le ean 

matte: Bae yoda: ee st : 


rd 


63 
B,2, choline and methionine in the nutrition of the 
taying Towler ery Sc 34; 217-222, 

Whitehead, C.C., D.W. Bannister and Pr. Aoilre Wight 19 74" 
Studies on biotin requirements and deficiency in 
Chicks. XV Worta Poultry Congress, ‘Rivergate, pp. 
70-72. 

witit chewa? CeCe andere plait. 1974, Fatty “Liver and *kidney 
syndrome in chicks: The involvement of dietary energy= 
protein ratio and house temperature. Res. Vet. Sci. 
D7 "66-90. 

Homrovdy Jatt, her Ringer, C.C. Sheppard,” lir-sbarton and 
Gants Flegal. 1971. Fatty liver syndrome - a photo- 
graphic description. Feedsfuffs 43(4): 28-29. 

Wolford, wan stand 2D Murphy. °° 1972." Eiiech on davetvon 
fatty liver-hemorrhagic syndrome incidence in laying 
Ghickens™ *Poudtry Sci. 512"°2087=2094. 

Wolford, Js andupS Polin.* 1972..> Lipidaccumulation and 
haemorrhage in livers of laying chickens.~ A study on 
fatty liver-hemorrhagic syndrome (FLHS). Poultry Sci. 
SiS b707 7634 

Wolford, “OsH. ‘and D9 Polin. “1974 “induced fatty liver 
haemorrhagic syndrome (FLHS) and accumulation of 
hepatic lipid in force-fed laying chickens. Poultry 
SCI, 3 2465 —7'4: 

Yer ea. VabeandG ae Leve tlle.’ L971 Inivitrovand in “valvo 
restoration Of hepatic lipogenesis® in’ fasted chicks? 


Serie hel O80 3-GO9". 


| scoot, . 4r | 
ater ".aeipa A Bae ’ 
ao yasiote 1236 bine ae 


; ant ty «ae lal ie 


yenbes’ Beas ee RRR. | 
“YORSis YrLtio £8 kaewt shohevLowae: oem ie HOES 
: iene s287 aan Abe ts, exegniat agian ax ope fod 


bas HOF1BE .c. 7 oxegeorte ne Bs) ake x: ‘a be 
-Ofody 6 ~~) srmezhoye Lets ois, as ep. ae : | 
»RS+SS ABER ahd tEbES | ve tapase iy <a 

nv Wath 20 da see ae Sn yale id ‘Beit wo 4 y 1 
PaLysl al Senebign! ‘society a) xvedta spain Ee aris ; 
| -POORENSON » st ik a ye ae enti 


ORE KOL2S LammiIDs a a ganigt (opti 18 bis Fatih ee 


i 
qe 


(to Youse A <preitleto Be iyek v0, ayevieh) coh! 


ion yutindt Maman): omacaltiargy! 3 seattle i 
pena Pe CEeTON Remit | 
revit. yo beth, beoubat eer | vattos: dt Bee ew brofton 

to ref sid us WI Oe Bis. aa iy’ aman Baya popes 


ie . : Lr f 
Yrs feo acai, pein pstlso x0 tab. a mths ce va 


q 


7 af 
‘ wy , 4 


koh ye, a ‘fax ous ty ad LX RT J ote iv 


; stoi bo? aft ak nate sastcaains 


¥ 
- c= ‘ % 
: +e a f “4 i 
\ ‘ it jst 


64 


APPENDIX I 
Procedure for analysis of livers 

Hens were fasted overnight before being selected for 
visual appraisal and surgical removal of the liver samples. 
In order that blood present in haematomas would not unduly 
affect the liver analyses damaged tissue was removed from 
the livers. Livers were then stored at -20°C until they 
were analyzed. 

At the time of analysis, the livers were freeze-dried 
to a constant weight and percentage dry matter was calculated. 
Constant weight was attained after approximately 72 hours 
in the freeze-drier. 

The freeze-dried livers were individually ground ina 
micro analytical mill. For fat determination, samples were 
digested with 6N HCl in a Gold-Fisch reflux apparatus for 
an Nour ianvso00) mi beakers. ‘A’ ratio of 50° mI HCL per 0.30 
gram of liver sample was used for the digestion. The 
digesta was filtered through a No. 42 Whatman filter paper 
11.5 cm in diameter and the flasks were thoroughly rinsed 
with hot distilled water. The filter paper was washed free 
Ofsacide with not distilled water and then’ Lest ¥tovair dry, 
All samples were digested in duplicate. The small individual 
liver weights dictated that this technique be employed 
rather than the aliquot method used previously by Olomu 
(1974) and’ Serrano (1976), who pooled their samples. The 
residue left on the filter paper was extracted for 12 hours 


with petroleum ether (30-60°C. B.P.) and fat content was 
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calculated using the A.O.A.C. method (1965). 
For protein determination duplicate samples (0.20-0.25 g) 
of each freeze-dried liver were weighed and transferred to 


800 ml Kjeldahl flasks. Protein was determined by A.O.A.C. 


methods (1965). 
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APPENDIX III 


Analysis of covariance for percent fat adjusted for visual 
score - source, degrees of freedom (df) and mean squares - 
lipotropic experiment 


Mean Squares 


Liver fat 


Source} df g 
L A 21 Bite D 
Pp 3 20.0 
LP 3 PAO AS TR 
Covariate? 4200.6 
Residual? 87 102.8 


11,-lipotropic level; P-rapeseed meal levels. 
2adjustment of liver fat for visual score. 


3Chickens within lipotropic and rapeseed 
meal levels (C/LP). 
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